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Surgically 
clean 


but... 


Unless supported by efficient skin disinfeption, event 


the most rigid of aseptic measures may not provide 
adequate protection against infection. That's why an 
ever-growing number of surgeons use a pre-operative 
skin disinfectant in addition to performing the aseptic 
ritual. @ Surgeons who use Tincture Metaphen have 
very real assurance as to the high antiseptic power, 
prolonged action and relative freedom from tissue 
irritation of this agent. Two independent investiga- 
tors, after a thorough study" of fifteen commionly 
used antiseptics, designated Tincture Metaphen 1:200 
the most effective agent tested in these respects. @ On 
the oral mucosa, this agent was found to reduce bac- 


AEG. TRADE MARK 


terial count 95% to 100% within five minutes; to 
have, in substantial excess over any other antiseptic 
agent tested, a duration of action of two hours; and 
to produce only: slight irritation in some cases, nédne 
in the others. @ Tincture Metaphen does not appre- 
ciably precipitate blood serum; does not affect sur- 
gical instruments or rubber gloves; and is stable 
when exposed to air in ordinary use. @ These advan- 
tages on paper can be yours in practice, Tincture 
Metaphen is conveniently available .in }-, }-, 4, 16- 
and 80-fluid ounce bottles: Apsotr Lasorarones 
(Austaauia) Pry. Box 3698, G.P.0., Sydney 

SMever, By and Arnold, L., 

Amer, J. Digest, Dis. 5:418. 
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Is sufficient plasma always on hand—immediately? 
That doubt can be dispelled by Intradex, a 6 per cent 


solution of dextran in saline that can be stored 


indefinitely against the calls of emergency. 


INTRADEX 


Trade Mark 


In bottles of 540 c.c. 
Also prepared : Intradex (Salt-Free) 
Intradex (Salt-Free) with Glucose 


* There are no contra-indications to Intradex, It can be used as a complete replacement 
for plasma, and as a first-aid measure prior to infusion of whole blood. 


GLAXO LABORATORIES (AUST.) PTY. LTD., 29/47 VILLIERS STREET, NORTH MELBOURNE 
AND AT SYDNEY 
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A NEW skin protective in 


colostomy management 


Colostomy in Heo-Rectal 
Anastomosis, with interim 
safety valve. 


‘SIOPEL’ Cream is 

particularly useful for 
preventing excoriation and 
inflammation of the skin 

in the post-operative 
management of such cases as 
ileostomies, colostomies, fistulae, 
haemorrhoidectomy, patients with 
gall bladder drainage tubes, 
decubitus and varicose ulcers and 
other similar conditions. li 


‘SIOPEL’ Cream is a completely new protective cream which can 
be safely applied to any skin surface likely to be in prolonged 
contact with water-soluble irritants or become macerated by 
moisture, discharge, bowel contents or urine. It contains a 
specially selected silicone fluid with powerful water-repellent 
properties. In addition, it possesses emollient properties and is 
non-greasy and inconspicuous on the skin. 


Incorporating a specially selected 


4 i silicone, ‘SIOPEL’ Cream is issued 
in tubes of 50 grammes and containers 
5° — of 500 grammes. 
Li lure and further in, are 
‘i Marketed in Australia by | Cl 
IMPERIAL CHEMICAL INDUSTRIES OF AUSTRALIA AND NEW ZEALAND LTD. 
A product of Imperial Chemical Industries Ltd. (Pharmaceuticals Division), England. — 
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EDITORIAL NOTICES 


1. All articles submitted for publication in this Journal must be 
typewritten and double or treble spacing should be used. Each 
article should conclude with a brief summary and/or a statement 
of conclusions. Authors should avoid the use of abbreviations and 
are asked not to underline words or phrases. Two copies of the 
article should be submitted. 


2. In view of greatly increased costs of printing, it is essential that 
authors take particular care in the preparation of their manuscripts. 
Alterations or additions to the proofs, other than correction of 
typographical errors, will in future be charged to the author. 


3. Illustrations should be good quality photographic prints on 
glossy paper. Line drawings, charts, graphs, etc., should be drawn 
on thick white paper in Indian ink. Radiographs can only be 
reproduced satisfactorily if good prints or negatives are available. 
Suitable legends should be pro. ‘ded with all illustrations. 


4. References to journal articles or books should be carefully 
checked. The name of the author and year of publication should 
be quoted in the text —e.g., “Smith (1947) states,” etc. The 
references should be placed at the end of the article, should be 
arranged alphabetically by authors and should give the following 
information in this order: Author’s name, initials, the year of 
publication (in brackets), the name of the journal, the volume and 
the number of the first page of the article. The title of the article 
may be omitted. When a book is listed, the title of the book, place 
of publication and publisher’s name should be given. 


Abbreviations for journals listed should be those adopted by 
“World List of Scientific Periodicals 1934.” 


5. All Editorial communications should be addressed to the 
Secretary, Royal Australasian College of Surgeons, Spring Street, 
Melbourne, C.1. It is understood that articles forwarded for pub- 
lication are offered to the “Australian and New Zealand Journal 
of Surgery” solely, unless the contrary be stated. The copyright 
of articles appearing in this Journal is vested with the Royal 
Australasian College of Surgeons. 


6. The views expressed in the Journal are not necessarily those 


held by the Council of the College. 


7. Exchange journals should be addressed to the Librarian, Royal 
Australasian College of Surgeons, Spring Street, Melbourne, C.1, 
Australia. 


8. All business communications should be addressed to A. H. 
Massina & Co. Pty. Ltd., 121-131 Cardigan Street, Carlton, N.3. 


Reprints of articles can be supplied by the publisher. The 
minimum number is fifty copies, and orders should be given when 
the proof is returned. 
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Before operative procedures, the administration 
of chlorpromazine as part of the premedication 
calms the patient and induces a unique state of 
tranquillity. 


During the procedure, the ‘Largactil’ already 
administered enhances the activity of the analgesic 
and anaesthetic agents used, so that their effective 
doses can be considerably reduced. In addition, 
chlorpromazine affords a measure of protection 
against shock. 


After the patient has left the theatre, certain 
usual effects of chlorpromazine premedication are 
maintained. Recovery from the anaesthetic is 
smooth and uneventful, and there is usually com- 
plete freedom from nausea and vomiting. The 
tranquillity which characterizes chlorpromazine 


An M&B brand Medical Product 


Yl). 


MAY & BAKER (AUSTRALIA) 


P.O. BOX 41 + FOOTSCRAY, W.11 
P.O. BOX 1395 + WELLINGTON ~- TEL. 56- 


MAY & BAKER (NEW ZEALAND) LTD. - 


DISTRIBU 1088S YY 
PTY. LTD. - 5 PHILLIP STREET + SYDNEY 


therapy persists, and natural sleep follows in t 
majority of patients. 
Detailed information is available on request. 


PRESENTATIONS: Tablets — 10, 25 and 100 mgm. 
Syrup — containing 25 mgm. per 3-6 c.c. (approx. | 
teaspoonful). 

Solutions for injection — /% in 5 c.c. ampoules; 

2:5% in 1 c.c. and 2 c.c. ampoules. 

Supposi — containing 100 mgm. chlorpromazine bas 


MA3 
TEL. BU 3621 (3 LIN 
* VICTORIA - TEL. MM 6142 


HLORPROMAZINE HYDROCHLORIDE 
Ui 
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- the SAKE Lombination--- 


and 
POPLAR 
Lhoice/ 


@ Nothing left to chance... 


When he has confidence in the dependability of the anaesthetics he is using, 


the surgeon, with his mind intent on the progress of an operation, is freed from 
distracting worry. Anaesthetics that are safe to use and completely dependable 
have been produced in Australia by the Woolwich-Elliott Chemical Company for 
over forty years, The combination of Woolwich-Elliott Ether and Ethyl Chloride 
is a popular choice of general practitioners and hospitals throughout Australia 
and New Zealand. 


@ The perfect combination! ... 


Rapid induction with Anaesthetic Ethyl Chloride followed by 
smooth, safe surgical anaesthesia with Anaesthetic Ether— 


* —the synonym for purity! 


LIN 


gm. 


Available in Australia and New Zealand from any leading drug house 
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The unique 

CERAMIC PISTON 

permits 

autoclave 
sterilisation 

with the 


piston in position 


tre 28 


HYPODERMIC SYRINGE 


The Syringes 

are guaranteed to 
withstand sterilisation 

by any means up to 160°C 
and this allows for 
considerable margin of 
error on the steriliser 
controls 


AN ‘‘EVERETT’’ 
PRODUCT 


SOLE WHOLESALE DISTRIBUTORS 


They have the additional benefit of being sterilisable 
with the piston in position, which saves the trouble of 
dismantling and prevents any possibility of getting the 
pistons mixed. The movement of the syringe is smooth, 
and the compression of a very high order. The calibra- 
tions are effected by fusing ceramic pigment into the glass 
barrel at high temp.,and are immovable in any circum- 
stances. The use of precision bore Pyrex tubing in 
the manufacture of these syringes reduces the margin 
of error in the delivery to an absolute minimum. 
The nozzle and all metal parts are turned from solid 
brass and chrome plated. The ceramic piston is of fine 
porcelain fired at high temperature and possessing the 
same coefficient of expansion as the Pyrex glass barrel : 
It is completely impervious to any type of chemical attack, 
and in every respect is more suitable for the purpose for 
which it is used than any known metal. 


THE AMALGAMATED DENTAL (Aust.) PTY. LID. 


MELBOURNE SYDNEY 
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to reverse hypotension safely... 


IN SPINAL ANAESTHESIA 
IN INHALATION ANASTHESIA 
OR WHEN CYCLOPROPANE IS USED 


'Vasylox' Injection produces a prompt and prolonged rise in blood 
pressure without inducing cerebral stimulation or causing 
tachycardia and cardiac irregularities. An outstanding advan- 
tage of ‘Vasylox' Injection is that cardiac 
arrhythmias do not develop when it is used in conjunction 
with cyclopropane aneesthesia. 


DESCRIPTIVE LITERATURE AND CLINICAL SPECIMENS ARE AVAILABLE ON REQUEST. *® 


BRAND INJECTION OF METHOXAMINE 
HYDROCHLORIDE 
Ampoules containing 20 mg. in 1 ml., in 
boxes of 6. 


% All enquiries in New Zealand should be 
addressed to Burroughs Wellcome & Co. 
(New Zealand) Ltd. P.O. Box 919, 
Auckland. 


BURROUGHS WELLCOME & CO. (AUSTRALIA) LTD., SYDNEY, N.S.W. 
(G.P.O. Box 1485) 
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Paired for 


effecti veness 


IN GERIATRIC CONDITIONS. The association 


of methyltestosterone and ethinyleestradiol in Mepilin 


exerts a protein anabolic effect in ageing people 

of both sexes, which is greater than that which would b 
obtained by the use of methyltestosterone alone. 

The primary effect of Mepilin is upon the nutrition 

of the body. Improvement is also shown by a 
lessening of the senile degenerative state and, in many 
individuals, by some retardation of both 

mental and physical decline. 

DOSAGE: Geriatric conditions — 3 to 6 tablets daily. 


Ethinyleestradiol 0.01 mg. Methyltestosterone 3 mg. 


‘Mepilin’ Tablets Bottles of 25, 100, and 500. 
*‘Mepilin’ Elixir Bottles of 4 and 20 fl. ozs. 


Literature is available on request. 
THE BRITISH DRUG HOUSES (AUSTRALIA, PTY.) LTD. 
250 PITT STREET, SYDNEY 


Associated Companies in: LONDON TORONTO BOMBAY JOHANNESBURG AUCKLAN 
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Spray for 
general use 


(100 m1.) 


Nobecutane 


The sterile plastic dressing for small cuts, abrasions 
and major surgical incisions 


Nobecutane is suitable for dressing most wounds from small cuts, 


burns and abrasions to major surgical incisions. Its great tensile Waterproof 
strength and elasticity make it useful for covering those injuries Dust f 
where the patient can continue at work, for it gives maximum — 
protection with minimum limitation of movement. As it is both impermeable to 
waterproof and dustproof, and will withstand most detergents and Bacteria 
emulsified oils, it is an ideal industrial dressing, especially where No W d 
hygiene in the preparation of food is important. As it is imper- " = wre 
Contamination 


meable to bacteria, but allows normal skin respiration, the dressing 
ensures healing with no contamination of the wound and no No Skin Maceration 


maceration of the skin. 


PRESENTATION 


EVANS 100 mi. and 300 ml. spray containers, 
50 ml. bottles. 


MeoicaAl 


EVANS MEDICAL SUPPLIES LIMITED 
LIVERPOOL AND LONDON 


In Australia: Evans Medical Australia (Pty.) Ltd. 
Sydney and Melbourne 


H 
i 
many 
aily. 


Aucust, 1957 


serve 


to help the recovery 


of MASTECTOMY 


patients 


Knowing the mental distress and 
postural faults suffered by active 
Australian women after breast removal, 
Berlei has imported from 

. the U.S.A. limited stocks of 


IDENTICAL BREAST FORMS 


These forms are fitted into 
the brassiere to replace both shape and 
weight, giving the same 

fluidity of the natural breast, remaining 

in position without pull, pin or 

pressure. 

IDENTICAL Breast Forms are obtainable 

only by personal fitting—for appointments for 


your patients, phone or write 
to your nearest Berlei office: 


BRISBANE SYDNEY MELBOURNE | ADELAIDE PERTH 


91-93 Edward St.| 39 Regent St.| Degraves St. Charles St. | 504 Hay St. THIS PAGE ; 
REFERENCE 


Tel. BA 4781 | Tel. Central 2006 | Tel. W 2417] Tel. B 2828 


Tel. B 3591 
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Will it be a boy or a girl? Soon the anxious waiting will 
be ended. Soon everyone will know. To-day and 

every day people put their trust in medicine . . . and 
doctors and nurses put their trust in C.I.G. 


equipment and gases—a trust that is well founded. 


THE COMMONWEALTH INDUSTRIAL GASES LIMITED 


138 BOURKE ROAD, ALEXANDRIA, N.S.W. © OXYGEN © NITROUS OXIDE © CARBOGEN © CYCLOPROPANE © CARBON DIOXIDE 
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(e.g., after total thyroidectomy) 
is swiftly controlled by 
AT-10 together with calcium. 


®dose 
Orally 3 to 10 cc. (or 6 to 20 


capsules) daily until tetany is 
relieved; weekly maintenance dose of 
l to 7 cc. or 2 to 14 capsules 
depending upon the blood and urine 
calcium levels. From 10 to 15 g. 
calcium lactate or gluconate should 
be given daily through the period 
of therapy. 


TRADE MARK 


*supply 
AT-10 in Oil, 
bottles of 15 cc.; 
AT-10 Capsules 
(each equivalent 
to 0.5 cc.), 
bottles of 50. 


Brand of dihydrotachysterol Trade Mark 


Write for detailed literature 


BAYER PHARMA PTY. LTD. 
56 YOUNG ST., SYDNEY 


Distributors: SALMOND & SPRAGGON (AUST.) PTY. LTD. 


SYDNEY — MELBOURNE — BRISBANE — ADELAIDE — PERTH 
5214A 
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Supersedes antibiotics 
in topical therapy 


DEQUADIN 


Cecamethylene-bis- (4-aminoquinaldinium chloride) 


Dequadin is not an antibiotic—it is a new, non-toxic antimicrobial 
substance effective against every organism so far tested, including 
those resistant to penicillin and those fungi commonly responsible 
for topical infections. It is now available in four forms: 


DEQUASPON 


0.1 % 


Absorbable gelatin sponge B.P.C. impregnated with 
0.1% Dequadin. Dequaspon does not cause in- 
flammation, is completely non-irritant, non-toxic, 
and non-antigenic. Its activity is not diminished in 
the presence of serum. Supplied sterile in tubes 
containing 6 pieces, 2 cms. x 2 cms. x 1 cm. 


DEQUADIN PAINT 


0.5 % 


0.5% Dequadin in a mixture of propylene glycol 
and benzyl alcohol. Suitable for use as mouth or 
throat paint, ear drops, skin lotions, etc. Packed 
in bottles of 4 oz and 5 oz. 


DEQUADIN LOZENGES 


Each lozenge contains 0.25 mg. of Dequadin. 
Rapidly effective in the treatment of bucco- 
pharyngeal infections. They can be used prophy- 
lactically by patients exposed to infection, especi- 
ally after dental extraction, etc. Supplied in tubes 
of 20 lozenges. 


DEQUADIN CREAM 


0.4 % 


For external application. 0.4% Dequadin in a 
neutral emollient base. Packed in tubes of 25 gms. 


Literature and trial supply readily available on request. 


ALLEN & HANBURYS (Australasia) LTD. 


SYDNEY @ MELBOURNE BRISBANE 
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DRAMAMINE* IN VERTIGO 


Labyrinthine Disturbance 


Long recognised as a standard for the management of motion 
sickness, Dramamine has become accepted in the control of 
a variety of other clinical conditions characterised by vertigo. 


Vertigo, according to Swartoutt, is primarily due 
to a disturbance of those organs of the body that 
are responsible for body balance When the posture 
of the head is changed, the gelatinous substance in 
the semi-circular canals begins to flow. This flow 
initiates neural impulses which are transmitted to the 
vestibular nuclei. From this point impulses are sent 
to different parts of the body to cause the symptom 
complex of vertigo. 

Some impulses reach the eye muscles and cause 
nystagmus ; some reach the cerebellum and skeletal 
muscles and righting of the head results , others acti- 
vate the emetic centre to result in nausea, while still 
others reach the cerebrum making the person aware 
of his disturbed equilibrium. Vertigo may be caused 
by a disease or abnormal stimuli of any of these tissues 
involved in the transmission of the vertigo impulse, 
including the cerebellum and the end organs 

\ possible explanation of Dramamine’s action is 
that it depresses the overstimulated labyrinthine struc- 
ture of the inner ear. Depression, therefore, takes 
place at the point at which these impulses, causing 
vertigo, nausea and similar disturbances, originate. 
Some investigators have suggested that Dramamine 
may have an additional sedative effect on the central 
nervous system. 

Repeated clinical studies have established Drama- 
mine as valuable in the control of the symptoms of 
Méniere’s syndrome, radiation sickness, hypertension 
vertigo, the vertigo of fenestration procedures laby- 
rinthitis and vestibular dysfunction associated with 
antibiotic therapy, as well as in motion sickness 

Any of these conditions in which Dramamine is 
effective may be classed as “ disease o1 abnormal 
stimuli ”’t of the tissues including the end organs 
(gastro-intestinal tract, eyes) and their nerve pathways 
to the labyrinth. 

Dramamine (brand of dimenhydrinate) is supplied 
in tablets of 50 mg. in bottles of 12, 36, 100 and 1000 
tablets and in cartons (10 strips of 10 tablets). 

Manufactured by G. D. Searle & Co., Ltd., High 
Wycombe, England. Full literature is available on 
request from : 

Sole Distributors for New Zealand: N. M. Peryer Ltd., 
145-147, Worcester St., Christchurch, C.1, New Zealand = 


* Regd. Trade Mark The site of Dramamine’s action is probably in the 


+Swartout, R., II], and Gunther, K. : “ Dizziness” 
Vertigo and Syncope, G.P. 8:35 (Nov.) 1953 
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Swann; Moston 


SURGICAL BLADES AND HANDLES 


Traditional and international 


These eleven shapes of surgical blade have become 
traditional and— international. Hospitals all over the 
world send to Sheffield for ever increasing supplies ; 
so the model factory built to produce Swann-Morton 
blades is always expanding. But, however great the 
pressure of orders, there is never any relaxation of 
the individual care given to each individual blade. 


FIVE SIZES OF HANDLES, PRECISION MADE, 
COMPLETE THE RANGE 


AGENTS: 
Martin & Co., Surgical (Pty.) Ltd., 382/382a Pacific Highway, Crows Nest, N.S.W., Australia, 
T. A. Macalister Ltd., 12 Albert Street, Auckland C.1., New Zealand. 


W. R. SWANN & CO. LTD., SHEFFIELD, 6. ENGLAND 


fs 
| 
889 
a 


THE AUSTRALIAN AND NEw ZEALAND JOURNAL OF SURGERY Aucust, 1957 


So safely effective..... 


because it’s actually 


3 MEDICINES 


ASPIRIN .. . to relieve pain. 
PHENACETIN .. . to help reduce temperature. 
CAFFEINE .. . for the nervous system. 


Recommend GENUINE 
POWDERS & 


WITH CONFIDENCE 


MANUFACTURED BY VINCENT CHEMICAL COMPANY PTY. LTD. 


=> 
ZA 
<& 
> S S SS A FA 
: 


Aucust, 1957 THE AUSTRALIAN AND New ZEALAND JOURNAL OF SURGERY 


Surgery in Pictures 


OPERATIVE SURGERY 


Under the General Editorship of 


CHARLES ROB, M.C., M.Cuir., F.R.C.S. RODNEY SMITH, M.S., F.R.C.S. 
Professor of Surgery, St. Mary’s Hospital, London Surgeon, St. George’s Hospital, London 


Consultant and Associate Editors: 


J. CRAWFORD ADAMS, M.D., F.R.C.S. 
Orthopaedic Surgeon, St. Mary’s Hospital, London 


R. J. V. BATTLE, M.B.E., M.Cuir., F.R.C.S. 
Plastic Surgeon to Queen Elizabeth Hospital for Children, and to St. Thomas’ Hospital, London 


SIR STEWART DUKE-ELDER, K.C.V.O., PH.D., D.Sc., LL.D., M.D., F.R.C.S. 
Director of Research, Institute of Ophthalmology, University of London; 
Ophthalmic Surgeon, Moorfields Eye Hospital, London 


MAXWELL ELLIS, M.D., M.S., F.R.C.S. 
Surgeon to the Royal National Throat, Nose and Ear Hospital, London; 
Ear, Nose and Throat Surgeon to the Central Middlesex Hospital, London 


Cc. M. GWILLIM, M.D., F.R.C.P., F.R.C.S., F.R.C.O.G. 
Obstetric Surgeon, St George’s Hospital, London; 
Surgeon, Samaritan Hospital for Women, London 


WYLIE McKISSOCK, O.B.E., M.S., F.R.C.S. 
Neurological Surgeon, National Hospital for Nervous Diseases, Queen’s Square, 
St. George’s Hospital and Hospital for Sick Children, Great Ormond Street, London 


ROBERT GUY PULVERTAFT, M.B., B.Cuir., F.R.C.S. 
Orthopaedic Surgeon. Derbyshire Royal Infirmary; 
Surgeon, Harlow Wood, Orthopaedic Hospital 


Without a doubt Operative Surgery constitutes an entirely revolutionary step in medical 
literature — yet an obvious one. Surgery is one of the few branches of medicine which lends 
itself entirely to pictorial description and Operative Surgery demonstrates in pictorial form the 
surgical technique of all operations in current practice, from the start of each operation until its 
completion. This entirely new approach means that the surgeon will be shown exactly what 
should be done, stage by stage, not by text, but by a series of brilliantly executed and detailed 
pictures. Naturally, brief text matter must accompany each illustration, but this is kept to a 
minimum and the emphasis is on practical demonstration rather than textual matter. 


EIGHT VOLUMES AND INDEX VOLUME 


Illustrated Brochure sent Free on application. 


Butterworth & Co. (Australia) Limited 


(Incorporated in Great Britain) 


430 Bourke St., 6-8 O’Connell St., 240 Queen St., 49 Ballance St., 
MELBOURNE, AUST. SYDNEY, AUST. BRISBANE, AUST. WELLINGTON, N.Z. 


P 
; S. 
Cc 
oO 
g 
th 
d 


THE AUSTRALIAN AND NEw ZEALAND JOURNAL OF SURGERY 


AucustT, 


Dim 


He “he cause 


Or 
Ayd Where 4, 


dunour, 


Which humour are you? 


MEF 
of was a Doctour 


Le al this orld ne was 


of Werte, 
Vere of hoot, oy ¢ old. op 


Yev noon 
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PHLEGMATIC 

and water, cold and moist, your corresponding element. 
SANGUINE? You‘re over endowed with blood — a hot 

moist character like air. 
CHOLERIC? 


In Chaucer’s day that’s the way a diagnosis 
would have proceeded, with perhaps a touch 
of astrology thrown in for good measure. 

Medical men believed there were four 
humours or fluids in the human body that 
governed health. When the “complexion” or 
mixture of these humours got out of balance, 
the patient fell sick. The doctor then had to 
decide which humour was in excess and 


Obviously too much bile. Like fire you’re hot and dry. 


restore the balance by bleeding, purging, or 
potions. 


Fortunately, medicine has progressed far 
since Chaucer’s day and in the field of 
medicine as in many other fields, Shell’s 
5,000 research workers are making important 
contributions — petro-chemicals, solvents, 
detergents, lubricants, anaesthetics. 
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XISTING accounts of the anatomy of the 

anal canal are bewildering and contra- 
dictory in a great many respects, especially in 
regard to the differences on this subject which 
have arisen over the years between the sur- 
geons and the classical anatomists. Many of 
the surgical teachings have now received the 
seal of orthodoxy by inclusion, in preference 
to some of the older views, in most of our 
present-day standard anatomical texts. Un- 
fortunately, this assimilation has included 
more than a modicum of surgical mumpsimus 
and a heritage of legendary structures such as 
the white line of Hilton (1863), the corru- 
gator cutis ani muscle (Ellis, 1878) and the 
pecten band of Miles (1919). Also ques- 
tioned in this study is the anal intermuscular 
septum of Milligan and Morgan (1934) to- 
gether with their subcutaneous, superficial and 
deep divisions of the external sphincter ani. 


The three chief aims of the present paper 
are, firstly, to point out those features in 
previous descriptions of anal anatomy which 
appear the most confusing or contentious; 
secondly, to record what is believed to be the 
true anatomy of this region as found in a 
personal study by microscopy and dissection 
of numerous anal specimens; and lastly to 
correlate these macroscopic and microscopic 
findings with clinical observations of normal 
and abnormal anal conditions. 


From this study, made during the past 
two years, has emerged a resynthesis of the 
various concepts and observable features of 
anal anatomy into an account which it is 
hoped, will be acceptable to academic anato- 
mists and practising surgeons alike. 


LANDMARKS AND LEGENDS OF THE ANAL CANAL 


By R. Fowter, Jnr. 
Surgical Research Fellow, Royal Children’s Hospital, Melbourne 


MATERIAL AND METHODS 


Dissections 


Examination was made of 16 post-mortem 
specimens of normal anal canals. These were 
taken from 10 children and 6 adults and were 
dissected in the unfixed state so as to preserve 
the natural colour and texture of the tissues. 
This was a necessary precaution since there 
is in this region such an abundance of dense 
connective tissue septa that fibrous tissue and 
muscle — especially smooth muscle —may, in 
formalin-fixed material, be readily confused. 


Histology 

Serial sections were cut longitudinally in 
either the coronal or sagittal plane from the 
anal canals of 2 embryos, 6 foetuses, 4 
children and 2 adults. From each of 3 other 
children and 2 more adults six or more longi- 
tudinal sections in miscellaneous planes were 
taken. 


Sections were stained by haematoxylin and 
eosin, Masson’s stain, and Verhoeff’s stain. 
Of such degree is the profusion and inter- 
mingling of muscular, fibrous and _ elastic 
tissue in this region that these special stains 
are indispensable to the interpretation of 
sections. 


To study the epithelial lining to best ad- 
vantage, it was necessary, prior to fixation, to 
open the canal by a longitudinal cut and to 
pin it out flat. Otherwise, shrinkage and 
contraction of the walls distorts the lining 
into a bizarre arrangement of secondary 
wrinkling over and above the primary folds 
associated with the anal crypts and columns. 
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Supposedly longitudinal sections can then 
pass obliquely or tangentially across single or 
overlapping folds and give rise to a number 
of artefactual appearances. Histological in- 
terpretation is then made difficult, especially 
in the region of the valves. 


On the other hand this procedure thins, 
splays out and distorts the muscle layers and 
projects the peri-anal skin and subcutaneous 
external sphincter downwards, so that they 
may appear to form the wall of the lowest 
reaches of the canal. The muscles, therefore, 
were studied to greatest advantage in those 
specimens of the intact and unstretched anal 
canal which had been allowed to contract 
and fix as nearly as possible in their normal 
relations. 


From one specimen, serial horizontal sec- 
tions were cut with a view to studying to 
better advantage the number and extent of the 
so-called anal intermuscular glands. 


To help elucidate several points in the early 
development of the canal, 2 specimens of 
imperforate anus were studied by serial sec- 
tions, cut sagittally in one case and coronally 
in the other. 


Clinical 

Every opportunity has been taken to study 
the normal and abnormal anatomy of the 
anus and anal canal in both conscious and 
anaesthetized children and adults, employing 
routine clinical methods of examination. For 
proctoscopic examination a bivalved or 
slotted speculum was found useful in allow- 
ing inspection and palpation of both deep 
and superficial landmarks concurrently. In 
addition, miscellaneous observations, includ- 
ing several sphincter biopsies, were made at. 
operation for haemorrhoids, anal fissure, fis- 
tula-in-ano, peri-anal and ischio-rectal abscess, 
Hirschsprung’s disease and imperforate anus. 


A special study was made to determine the 
nature of the groove which is clinically palp- 
able at the anal verge (Milligan and Morgan, 
1934) and will be separately described under 
that head. 


OBSERVATIONS 


Attention was focused on the following 
points of anatomy about which the statements 
made have been most varied and confusing: 


1. The epithelial lining of the anal canal. 


2. The arrangement of the fibres of the 
various longitudinal muscle layers and 
the existence of an “anal intermuscular 
septum.” 


3. The relationship of the anal valves and 
epithelial landmarks to the sphincteric 
musculature. 


4. The arrangement of the fibres of the 
external sphincter. 


5. The “corrugator cutis ani” muscle and 
the puckering of peri-anal skin. 


6. The nature of the anal ducts or so- 
called anal “intermuscular glands.” 


7. The status of the “pecten band,” “pec- 
tenosis” and “pectenotomy.” 


8. The delineation of the upper and lower 
limits of the anal canal. 


Although accounts of the number and dis- 
position of Houston’s valves have in like 
manner been varied and confusing, no atten- 
tion was paid in this work to the fourth valve 
of Houston (1830) which from his descrip- 
tion should lie within the limits of the modern 
anal canal. Only recently this subject has 
been admirably dealt with and clarified by 
the researches of Silver (1955). 


(1) The epithelial lining 
(a) Histological appearances 

There is general accord that the follicle 
bearing skin of the peri-anal region is con- 
tiguous above with a smooth zone of stratified 
squamous epithelium lacking hair follicles, 
sweat or sebaceous glands. This zone was 
defined by Stroud (1896) as extending up- 
wards as far as the anal valves or pectinate 
line and was named by him the pecten. This 
paper emphasizes the value of the pecten as 
a descriptive term of reference; it should be 
retained, in spite of its misapplication in 
later writings about the “pecten band,” “pec- 
tenosis,” and “pectenotomy,” of which more 
anon. 


The level of the lower border of this pecten 
in relation to the sphincters has not yet been 
clearly defined although it could be inferred 
from numerous illustrations (Roux, 1881; 
Abel, 1932; Morgan, 1936; Grant, 1952; 
Nonidez and Windle, 1953; Gray, 1954) to 
be situated at the lower border of the internal 
sphincter, which is where Parks (1955) cor- 
rectly places it. In the vast majority of 
sections examined in this current study the 
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transition from pecten to follicle bearing 
skin occurred quite abruptly at the interval 
between the lower border of the internal 
sphincter and the subcutaneous part of the 
external sphincter. In an occasional section 
the transition occurred slightly above or below 
this level. 


Concerning the epithelial changes occur- 
ring at a higher level there are, however, 
numerous differences of opinion. Wilde 
(1949) says that at the pectinate line there is 
an abrupt epithelial transition from typical 
rectal mucosa to stratified squamous epi- 
thelium of the pecten and this can also be 
inferred from the accounts of Beesley and 
Johnston (1939), Cunningham (1951) and 
Grant (1952). On the other hand some 
writers (Harris, 1929; Ewing, 1954; Gorsch, 
1955) refer to “interpenetration” of the epi- 
thelia. By this is meant, apparently, not just 
the interdigitations occurring at the pectinate 
line but the alternation of several islands of 
columnar cells and of stratified squamous epi- 
thelial cells for some little distance above and 
below the valves. However, in the sections 
reported on here, the epithelial transition was 
found to be abrupt. 


The St. Mark’s Hospital anatomists de- 
scribe a succession of epithelial types: from 
columnar to cuboidal at the ano-rectal ring; 
from cuboidal to transitional just above the 
valves; and from transitional to stratified 
squamous cells below the valves (Morgan, 
1936; Milligan, Morgan, Jones and Officer, 
1937; Morgan and Thompson, 1956). In 
Gray (1946) and Lee MacGregor (1950) 
the pectinate line is said to be covered by 
transitional epithelium. By Abel (1932), 
Buchanan (1946) and Gray (1954) the whole 
epithelium of the pecten is referred to as 
transitional. In these accounts it is difficult 
to know whether the term “transitional” is 
employed in a broad general sense or with its 
specific histological meaning of an epithelium 
similar to that found in the urinary tract. 


Yet another arrangement is described by 
Johnson (1914) which accords with the find- 
ings of the present investigation (Fig. 1): 
There is an abrupt transition at the pectinate 
line from stratified columnar cells above to 
stratified squamous epithelium below. Just 
as the pecten lacks specialized structures, such 
as sebaceous glands or hair follicles, so does 
the zone of columnar cells immediately above 


the valves lack specialized structures; but at 
a level a little below the ano-rectal ring, at 
approximately the upper limit of the anal 
columns, there is a gradual appearance, first, 
of goblet cells, then of thicker rectal mucosa 
complete with typical intestinal mucous 
glands. These changes can be recognized 
without difficulty when care is taken to flatten 
out mucosal wrinkles in preparing the speci- 
men. Otherwise, for reasons already outlined, 
artefactual appearances do result and these 
are believed to be the basis for accounts of 
“interpenetration,” and of cuboidal or tran- 
sitional types of epithelium. 


Although the epithelial transformation, 
when viewed microscopically, does not always 
correspond exactly with the free edge of an 
anal valve it almost always lies on the valve 
—either a little above or just below its free 
edge (Fig. I). 


FIG. I. Photomicrograph of longitudinal section, 

through an anal valve. Note the abrupt transition 

from stratified squamous epithelium to stratified 
columnar epithelium. (x 430) 


(b) Visible features 

During life the anal mucosa above the 
valves has the characteristic cherry-pink 
colour and velvety texture of intestinal 
mucosa, whereas the smooth shiny epithelium 
of the pecten has a paler pink hue with an 
underlying tinge of bluish-grey. 


Any of these colour contrasts may be ob- 
scured by purplish overtones according to the 
degree of engorgement of the haemorrhoidal 
venous plexuses. For this reason the plum 
colour so often imputed to the epithelium 
immediately above the valves is not always 
confined to this particular zone. Indeed, like 
the thin epithelium of the pecten, this thin 


d 
r 
d 
c 
d 
)- 
e 
\- 
| 
y 
> 
e 
1 
1 
1 
‘ 
) 
l 
f 
2 


4 THE AUSTRALIAN AND NEw ZEALAND JOURNAL OF SURGERY 


columnar layer transmits readily the colour 
of underlying structures, be they engorged 
venous plexuses or the dense fibromuscular 
insertions of the longitudinal muscle layers. 
Immediately above and below the pectinate 
line these insertions are especially dense and 
often impart a paler whitish appearance to 
the zone of relatively fixed mucosa overlying 
them. 


Lower down, the peri-anal skin is puckered 
and bears characteristically prominent seba- 
ceous follicles. Their upper limit forms a 
slightly irregular line of transition to the 
pecten. The intersphincteric groove can be 
felt to correspond, in the main, to this lower 
border of the pecten. 


At this level, no “white line” was found in 
the present study which could serve as “a 
landmark exact and truthful so that it can be 
relied upon” (Hilton, 1863). The puckered 
zone of peri-anal skin does, however, usually 
offer a slightly darker contrast to the pecten, 
but this varies with individual differences of 
skin pigmentation. 


(c) Hilton’s line 


The situation of this legendary line is still 
something of a mystery, some writers identify- 
ing it with the pectinate line (Harris, 1929; 
Beesly and Johnston, 1939; Massie, 1940; 
Gray, 1946; MacGregor, 1950; Cunningham, 
1951; Parks, 1954) whilst others place it 
at the level of the intersphincteric groove 
(Stroud, 1896; Morgan, 1936; Treves, 1952; 
Wilde, 1949; Callander, 1952; Gray, 1954; 
Last, 1954: Gorsch, 1955). It has even 
been said to lie between these two levels 
(Buchanan, 1946; Morgan and Thompson, 
1956). 


Concerning the appearance of the line the 
following comments speak for themselves: “It 
is not particularly white on inspection . . .” 
(Last, 1954). “Hilton’s white line in the liv- 
ing subject is decidedly blue and is palpable 
rather than visible.” (Callander, 1952) .. . 
“actually this line is bluish-pink in the living 
subject and it is often difficult to distinguish 
macroscopically” (Gray, 1954). Wilde 
(1949) likewise comments on the difficulty of 
displaying it macroscopically and Morgan 
(1936) says “. . . this much described line is 
only rarely seen.” 


Hilton claimed for this white line a corre- 
spondence both with the muco-cutaneous junc- 
tion and with the intersphincteric interval. If 
by the muco-cutaneous junction he meant the 
pectinate line, then as Ewing (1954) points 
out, he must have been mistaken on the second 
score. If, on the other hand, he considered 
the lower border of the pecten to be “the 
junction of the skin and the mucous mem- 
brane” he was correct about its correspon- 
dence with the intersphincteric interval, but 
subsequent testimony fails to support the 
existence of a white line at this level. 


In Hilton’s illustration of the white line it 
has a dentate or wavy appearance. This sug- 
gests that he had in mind the level of the 
pectinate line. The occasional pallor of the 
relatively fixed mucosal zone straddling this 
landmark offers a plausible basis for this 
explanation. However, what Hilton really 
meant cannot be unravelled from his writings 
and one agrees wholeheartedly with Ewing 
(1954) in condemning the further use of so 
uncertain a landmark. 


(2) The longitudinal muscle layers 


(a) The conjoined longitudinal coat and the 
“anal intermuscular septum” 


As is now generally known the levator ani 
forms with the longitudinal muscle of the 
rectal wall a conjoined longitudinal coat 
lying concentrically between the external and 
internal sphincters. An understanding of the 
multitudinous offshoots and insertions of this 
coat provides the key to the whole anatomy of 
this region. 


(i) Historical concepts 

Substantially correct accounts of this con- 
joined coat were given towards the end of the 
last century by several Continental anatomists 
(Kohlrausch, 1854; Beraud, 1858; Rudinger, 
1873; Robin and Cadiat, 1874; Roux, 1881) 
who described its very numerous offshoots 
penetrating both the internal and external 
sphincters. Their findings were comprehen- 
sively reviewed, and the best of their illustra- 
tions reproduced by Levy (1936). 


A simplified concept of the conjoined coat 
is that of Abel (1932) who depicts it with 
two main terminations—one passing lateral 
to the external sphincter into the ischio-rectal 
fossa, and the other passing directly down 
between the subcutaneous and deeper parts of 
the external sphincter. 
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FIG. II. Composite diagram of anal canal to correlate epithelial, muscular and clinical landmarks. 
A.C.—-Anal columns. A.R.R.—Ano-rectal ring. C.T.—‘“‘Coat-tails” of the conjoined longitudinal coat. 


E.S.—External sphincter. 
I.M.G.—Intermuscular groove. 
portion of levator ani. 


F.B.S.—Follicle-bearing 
I.R.S.—Ischio-rectal space. I.S.—Internal sphincter. L.A.—Ilio-coccygeus 


skin. F.M.—Zone of relatively fixed mucosa. 


L.M.—Longitudinal smooth muscle of bowel wall. M.S.—Musculus submucosae 


ani. P.—Anal papilla. P.R.—Pubo-rectalis. S.C.—Specialized columnar epithelium with goblet cells 
and intestinal glands. S.S.—Smooth stratified squamous epithelium of pecten. U.C.—Unspecialized 
stratified columnar epithelium lacking goblet cells or intestinal glands. V.—Anal valve. 


Another simplified and somewhat similar 
version is the now widely familiar teaching 
from St. Mark’s Hospital which can be briefly 
summarized as follows: A substantial fascial 
offshoot passes laterally between the bundles 
of the deep external sphincter as the “septum 
of the ischio-rectal fossa,” dividing this fossa 
into the ischio-rectal space above, and the 
peri-anal space below. The major portion, 
however, of the conjoined coat is called the 
“anal intermuscular septum” and inserts into 
the lining of the canal between the lower 
border of the internal sphincter and the 
subcutaneous external sphincter. Here it is 
responsible for the palpable anal groove or 


depression and for the groove often seen 
between external and prolapsing internal 
haemorrhoids. Two lesser fascial offshoots 
are the recto-urethralis muscle in front, and 
the corrugator cutis ani muscle below — 
numerous fibres radiating downwards from 
the anal intermuscular septum between the 
subcutaneous external sphincter and the peri- 
anal skin, inserting into the latter. 


This account is an oversimplification and 
errs in several details. Nevertheless, it seemed 
at the time to accord well with both clinical 
and operation findings and was so lucidly 
expressed that it flourished even in the face 
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of the contemporary studies of Hiller (1931) 
and Levy (1936) which supported the find- 
ings of the older anatomists. At that time, 
however, the older anatomy lacked clinical 
correlation and the teaching from St. Mark’s 
Hospital held sway for the next twenty years. 


The first rumblings of dissent were the 
works of Wilde (1949) and Parks (1954), 
challenging the existence of an “anal inter- 
muscular septum” and emphasizing the 
numerous terminal septa of the conjoined 
longitudinal coat which, after breaking up the 
subcutaneous external sphincter into bundles, 
attach to the skin. Other accounts (Grant, 
1952; Gray, 1954; Hughes, 1956) try to 
reconcile the old with the new and still cling 
to the “anal intermuscular septum” as “but 
one of several septa or bundles representing 
the termination of the longitudinal muscle” 
(Hughes, 1956). As Gray (1954) puts it, 
“the most medial septum passes between the 
internal sphincter and the subcutaneous part 
of the external sphincter to the skin at the 
“white line,” where it may produce a faint 
suleus and is known as the “anal inter- 
muscular septum.” 


FIG. III. Photomicrograph of longitudinal section 
of anal wall. The pointers indicate fibres from 
levator ani piercing both the longitudinal smooth 
muscle coat and the internal sphincter to reach 
the submucous connective tissues. (x 65) 


E.S.—External sphincter. LS.—Internal sphincter. 
L.A.—Levator ani. L.M.—Longitudinal muscle. 


(ii) Anal intermuscular septum 


In actual fact, though, in all but a very few 
of the sections reported on in this study, these 
septa were conspicuously absent from the 
intersphincteric interval, which was occupied 
only by fine areolar connective tissue, except 
in the midline anteriorly. Here, after giving 


off fibres to the recto-urethralis, the longi- 
tudinal muscle entered the fibromuscular knot 
of the perineal body and sometimes gave off 
fibres which looped upwards around the lower 
border of the internal sphincter to blend, as 
described by Wilde (1949), with muscular 
fibres in the submucosal connective tissue. 
The term anal intermuscular septum is, there- 
fore, held to be of historical interest only and 


should be discarded. 


(iii) Terminal subdivisions of the conjoined 
coat 
Our other findings amply confirmed those 
of Wilde and the earlier anatomists and also 
provided some additional information about 
the levator insertions and the development of 


the conjoined coat (Figs. II and III). 


The main terminations of the longitudinal 
coat appeared in longitudinal section to be 
from six to twelve fibro-elastic bundles pene- 
trating and breaking up the subcutaneous 
external sphincter into fasciculi before insert- 
ing into the peri-anal skin. 


Passing laterally through the deeper parts 
of the external sphincter, and breaking it up 
into a very variable number of coarse bundles, 
are subsidiary fascial bands which then lose 
themselves in the fat of the ischio-rectal fossa. 
No fascial sheet was found worthy of eleva- 
tion as “the septum of the ischio-rectal fossa” 
nor could any consistent subdivision of the 
external sphincter be recognised other than 
the subcutaneous part distinguished by its 
relation to the terminal longitudinal septa. 


The ischio-rectal fossa, therefore, is that 
region lying lateral to the massed “coat-tails” 
of the conjoined longitudinal muscle layers, 
whereas the peri-anal space lies amidst these 
coat-tails. 


The deepest fibres of the external sphincter 
were indistinguishable from the pubo-rectalis 
fibres of the levator ani, confirming the obser- 
vations of Wilde (1949) and of Goligher, 
Leacock and Brossy 1955). 


(b) The musculus submucosae ani 


On the inner side, numerous fascial and 
smooth muscle fibres from the conjoined 
longitudinal coat pass obliquely downwards 
and inwards through the substance of the 
internal sphincter and join with the termina- 
tions of the true muscularis mucosae to form 
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a substantial longitudinal layer in the sub- 
mucous connective tissue. This has been 
called by Kohlrausch the sustentator tunicae 
mucosae, and by others, the musculus sub- 
mucosae ani (Fine and Lawes, 1940; Wilde, 
1949). It varies in thickness from section to 
section and from specimen to specimen. The 
continual accession of fibres from above 
downwards leads to a progressive increase in 
the thickness of this layer which appears to 
attach to the epithelial lining over a consider- 
able extent, and reaches its maximal develop- 
ment just above and below the pectinate line. 
These fibres continue downwards as far as the 
lower border of the pecten, but not beyond. 


In a few sections fibres from this sub- 
mucous layer may be seen coursing obliquely 
downwards and outwards through the lowest 
fasciculi of the internal sphincter to rejoin 
the conjoined longitudinal coat. 


It is the musculus submucosae ani and 
not the conjoined coat which is the band of 
longitudinal muscle encountered in the per- 
formance of the St. Mark’s Hospital technique 
of haemorrhoidectomy. These fibres can be 
readily shown by dissection, either of living 
or of post-mortem material. They are seen 
to pierce the medial surface of the internal 
sphincter and the strongest bands appear to 
attach in the vicinity of the anal valves. 


(c) Levator ani contribution to the musculus 

submucosae ani 

One discovery of interest was that some of 
the fascial bands penetrating the internal 
sphincter come from the upper layers of the 
levator ani and continue the direction of its 
fibres downwards and inwards, piercing the 
longitudinal smooth muscle coat as they go 


(Figs. II and III). 


These were often hard to detect but were 
seen most easily in coronal sections of the 
foetal specimens. Only the pubo-coccygeus 
and ilio-coccygeus appeared to have sig- 
nificant shares in this intimate insertion into 
the anal wall. The majority of the levator 
fibres, however, pass downwards outside and 
parallel to the longitudinal smooth muscle 
and then become tendinous, contributing to 


the conjoined coat. The levator fibres begin. 


to mingle with the longitudinal smooth muscle 
fibres at a level approximately half-way be- 
tween the ano-rectal ring and the pectinate 
line. At a slightly higher level, but still 
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beneath the main levator diaphragm, the 
pubo-rectalis forms with the deepest fibres of 
the external sphincter the ano-rectal ring as 


described by Milligan and Morgan. 


(d) Changes during development 


The penetration of the subcutaneous ex- 
ternal sphincter by the conjoined longitudinal 
coat occurs relatively late in development. In 
a 65 mm C.R. length embryo the longitudinal 
rectal muscle had only become differentiated 
down to a level just above the lower border 
of the internal sphincter, and a conjoined 
coat was not apparent. 


In two foetuses of 125 mm C.R. lenth 
fascial insertions of levator ani were seen 
penetrating the longitudinal smooth muscle 
coat and the internal sphincter. A _ well 
developed conjoined coat was present which 
had already descended to penetrate the sub- 
cutaneous external sphincter in a manner 
typical of the post-natal anatomy. At this 
stage some of these terminal septa still con- 
tained smooth muscle fibres and a few such 
have been seen persisting even into neonatal 
life. However, even in the later foetal stages 
the majority of these septa are made up of .- 
dense fibro-elastic tissue only. 


Two specimens of imperforate anus of the 
“covered anus” type gave supporting evidence 
for the surmised developmental process. In 
these, the longitudinal coat extended down to 
a level barely below the internal sphincter 
and gave only a hint of trying to form its 
normal “brush-like” terminations. It was 
considered that in these specimens excessive 
fusion of the genital folds had blocked the 
normal downward migration of longitudinal 
muscle. 


(3) The relationship of the anal valves and 
epithelial landmarks to the sphincteric 
musculature 

(a) The level of the anal valves 
In the account of Treves (1952) and in 

the diagrams of Gorsch (1936) and Milligan 

(1943) the anal valves are placed opposite 

the lower border of the internal sphincter, but 

according to Morgan (1936), Gray (1954), 

Ewing (1954) and Goligher, Leacock and 

Brossy (1955) the valves lie a short distance 

above the lower border of this muscle. 


In some accounts, both relationships are 
given, but with contradiction between text 
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(Abel, 1932; MacGregor, 1950; Simonetti, 
1954). 


Last (1954) writes: “The situation of this 
ring of valves is variable. It often lies low 
in the canal close to the muco-cutaneous junc- 
tion (the white line) but wherever it may be 
it is always in the large bowel part (cloacal) 
of the anal canal.” 


Buchanan (1946) caps this confusion by 
picturing the valves at the upper limit of the 
canal opposite the ano-rectal ring. 


Our own findings in mature specimens were 
that the valves lay midway down the canal, 
and always well above the lower border of 
the internal sphincter. 
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FIG. IV. Diagram of coronal section through anal 

canal of embryo of 65 mm. C.R. length, showing 

incomplete descent of the circular and longitudinal 
muscle coats. 


C.E.—Columnar epithelium. C.M.—Circular muscle 

coat. E.S.—External sphincter. L.M.—Longi- 

tudinal muscle coat. P.R.—Pubo-rectalis. S.S.— 
Stratified squamous epithelium. 


However, in two embryos (50 mm and 65 
mm C.R. length) the internal sphincter was 
found to end not below but just above the 
transition from columnar to squamous epi- 
thelium (Fig. IV). In subsequent develop- 
ment, therefore, three possible mechanisms 
could account for the final relationships: 
(a) migration of the internal sphincter down- 
wards, (b) migration of the stratified squa- 
mous epithelium upwards, or (c) metaplasia 


and diagram, or between successive diagrams 


of columnar cells to stratified squamous epi- 
thelium. 


Examination of two specimens of imper- 
forate anus suggested that the first of these 
mechanisms occurs. The imperforations were 
of the “covered anus” type due to excessive 
fusion of the genital folds (Wood Jones, 
1915; Stephens, 1953) following perforation 
of the anal membrane in the normal manner. 
In each case a patent fistula had persisted 
between the perineum and anal canal so that 
no physical barrier existed to either epithelial 
migration or metaplasia should these have 
been the normal sequence of events. On 
the other hand the fibromuscular knot or 
“physiological scar” of the fused genital 
folds presented a real obstacle to any down- © 
ward migration of muscle. In both specimens 
it was found that the embryonic relation- 
ship persisted: the transition from stratified 
squamous epithelium lining the lower part of 
the fistula to the columnar cells lining its 
upper reaches occurred just below the lowest 
limit of the internal sphincter. It is con- 
cluded that in the normal course of events the 
internal sphincter muscle migrates downwards 
to a position below the valves which it sub- 
sequently retains throughout foetal and post- 
natal life. In two foetuses of approximately 
125 mm C.R. length the adult relationship of 
the internal sphincter was already established 
so that presumably its migration takes place 
between the 65 mm and 125 mm stages. 


(b) The anal intermuscular groove 

Milligan and Morgan (1934) were the first 
to point out the value as a landmark of a 
palpable groove at the anal verge, which, 
however, was then claimed to be caused by 
the attachment of “the anal intermuscular 
septum.” Dissatisfaction with this version of 
the anatomy has led other workers to seek 
alternative explanations for the palpable 
groove. 


From his experiments with subcutaneous 
and submucosal injections of saline Parks 
(1954) concluded that this groove lay at 
the level of the anal crypts, being caused by 
a structure which he named “the mucosal 
suspensory ligament.” 


Hughes (1956) considers that the groove is 
caused by muscularis mucosae attachments 
and shows it considerably removed above the 
actual intersphincteric interval. Like Milligan 
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and Morgan in their original paper, he 
identifies the palpable groove with the inter- 
haemorrhoidal sulcus, but more recently 
Morgan and Thompson (1956) have modified 
this view and now they distinguish between 
the interhaemorrhoidal groove and the anal 
intermuscular groove. They state that the 
interhaemorrhoidal groove is due to a relative 
fixity to underlying structures of a zone of 
epithelium shown by them approximately 
midway between the valves and the inter- 
sphincteric level. 


In this present study, dissections were made 
along pins piercing the anal walls through the 
floor of the palpable groove. These showed 
that the groove corresponds exactly with the 
intersphincteric interval, and this view was 
supported by clinical and operation findings. 
The groove is present simply because of the 
mass of muscle on each side of it—just as a 
groove is palpable between pectoralis major 


and deltoid. 


Further experiments and clinical observa- 
tions showed that the factors producing the 
interhaemorrhoidal depression bear no rela- 
tion to this palpable groove. 


(c) The interhaemorrhoidal depression and 
the fornix of rectal prolapse 


The injection experiments of Parks (1954) 
were repeated here and his observation of a 
groove at the level of the anal valves between 
distended areas of columnar and stratified 
squamous epithelium was confirmed. The 
submucosal fibres named by him “the mucosal 
suspensory ligament” are found in sections to 
belong to the fibromuscular layer already 
named musculus submucosae ani, which 
receives contributions from levator ani, the 
longitudinal coat of the bowel and the true 
muscularis mucosae. 


The preponderance of such fibrous inser- 
tions just above and below the pectinate line 
is considered to create there a zone of relative 
fixity of the epithelial lining. This zone is 
manifest not only in an artificial display by 
injection methods but also by the frequent 
occurrence of an interhaemorrhoidal sulcus 
and the fornix of rectal prolapse in children. 


In cases where a well marked interhaemorr- 
hoidal groove was seen it was demonstrably 
at the level of the anal valves. In the gross- 
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est forms of haemorrhoidal or rectal prolapse 
the sulcus may be obliterated, presumably by 
overstretching of the fibromuscular supports. 


In the common first degree Bucosal pro- 
lapse of children it was repeatedly noticed 
that a fornix exists immediately above the 
valve level between the prolapsing rectal 
mucosa and the relatively fixed lower portions 
of the anal linings. Similarly, during recto- 
sigmoidectomies for Hirschsprung’s disease a 
fornix at this level was found in relation to 
the evaginated gut until such time as the 
abdominal dissection stripped the levator 
attachments from the anal wall. Then, how- 
ever, the whole pecten, together with the 
valves and anal papillae, could be completely 
everted through the anus with ease. A similar 
evagination of the lower anal walls with 
obliteration of this fornix can be seen in long- 
standing cases of third degree prolapse in 
adults, and in the rectal prolapse associated 
with ectopic vesicae in children. In the latter 
group, separation of the pubic symphysis 
leads to divarication of the pubo-coccygeus 
and pubo-rectalis as well as of the recti ab- 
dominis, so that an inadequacy of the levator 
supporting mechanism can be presumed in- 
these cases. 


The zone of relative fixity described here is 
also held to limit the upward spread of fluid 
collections in that submucous space which lies 
below the valves (Fig. II). 


(4) The external sphincter 


The descriptive subdivision of the external 
anal sphincter into three separate parts —sub- 
cutaneous, superficial and deep— began with 
Holl (1896) and Thompson (1899) and 
has since been supported and amplified by 
Milligan and Morgan. 


They describe the subcutaneous layer as an 
annular muscle composed solely of circular 
fibres and lacking anterior or posterior attach- 
ments. The superficial or middle layer is said 
to be elliptical in shape, consisting predomi- 
nantly of fibres running antero-posteriorly 
from the perineal body to the ano-coccygeal 
raphe and coccyx. 


The deep layer is given as being another 
annulus, without posterior attachments, but 
with a few of its fibres crossing in front to 
help form the transversus perinei of the 
opposite side. 
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This conception of the anatomy is now 
widely accepted and has been adopted in 
several texts (Gabriel, 1945; Buchanan, 1946; 
Grant, 1952; Last, 1954; Gray, 1954). It has 
even been retained by critics of some other 
aspects of the St. Mark’s teaching (Wilde, 
1949; Parks, 1954) and by the authors of two 
recent papers on “the revised anatomy” of 
the anal canal (Hughes, 1956; Morgan and 
Thompson, 1956). 

However, in this present research, neither 
the histological appearances already described 
nor the macroscopic findings of dissections 
could support this conception of three sepa- 
rate and constant divisions of the sphincter. 


Vagina 


FEMALE 


In spite of this there seemed in all cases 
to be a natural partitioning of a subcutaneous 
layer from the deeper layers (Fig. V). The 
subcutaneous layer was usually a flattened 
ribbon of muscle, varying in development 
from a few slender bundles of fibres to a 
muscle of substantial thickness, and was 
moored closely to the skin by the easily vis- 
ible septal transfixions from the longitudinal 
coat. 


In every case this part of the muscle 
had some anterior attachment, either to the 
perineal body, or to the superficial perineal 
muscles. In only 3 out of 16 specimens did 
it lack posterior attachments to the ano- 


EXTERNAL SPHINCTER ANI 


FIG. V. Disposition of muscle fasciculi of two representative dissected specimens of 


the external sphincter, indicating the plexiform arrangement and spiralling course of 
some of the bundles. (A) subcutaneous, and (B) deeper groups of fibres. 


B.C.—Bulbocavernosus. T.P.—Transversus perinei. 


The most striking feature of the dissected 
sphincter was the degree of individual varia- 
tion between the specimens, no two being 
alike in the disposition of their fibres. More- 
over, a plexiform arrangement was the usual 
finding —fibres spiralling between, and bind- 
ing together, the various layers of the external 
sphincter and in like manner yoking it to 
the most superficial fibres of levator ani, 
especially pubo-rectalis. On this account the 
dissection of the sphincter into separate layers 
was a somewhat arbitrary procedure. 


coccygeal raphe. Two specimens were devoid 
of circular fibres, but in the rest there was an 
admixture of fibres with an antero-posterior 
and circular disposition, the antero-posterior 
rather than the circular predominating. 


In only 6 out of 16 specimens was it pos- 
sible even by an artificial display, to show a 
division of the remainder of the muscle into 
intermediate (superficial) and deep parts. In 
one of these 6, however, the external sphincter 
was so well developed that it seemed to have 
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a fairly natural division into not one but two 
intermediate layers. In all 6 there was an 
approximately equal admixture of circular 
and antero-posterior fibres: all but one, 
which lacked any anterior attachments, had 
both anterior and posterior insertions — into 
the perineal body or muscles and into the 
ano-coccygeal raphe respectively. 


Considering the deepest layer of fibres, 
only 2 out of all 16 specimens lacked anterior 
attachments, 2 lacked posterior attachments, 
and only one lacked both. In only a minority, 
therefore, were there sizable anterior or 
posterior communicating spaces between the 
ischio-rectal fossae. However, even in the 
presence of a well developed ano-coccygeal 
raphe there was still, above this raphe, a small 
communicating space filled with fatty tissue 
lying behind the sling of pubo-rectalis and 
below the levator diaphragm. This is the 
retro- or sub-sphincteric space of Courtenay 


(1949). 


This account differs materially from the 
generally accepted description of the external 
sphincter ani, but is much in agreement with 
the findings of similar detailed dissections 
of the anal musculature of 1 specimen by 
Levy (1936) and of 13 specimens by Hiller 
(1931). 


In the most detailed work yet published on 
ano-rectal anatomy Gorsch (1955) supports 
the Milligan and Morgan account of the 
external sphincter. Nevertheless, one gains a 
strong impression that his personal observa- 
tions are more in line with our own since his 
diagrams show numerous antero-posterior 
and “crossed” extensions of the supposedly 
annular layers and in one place in the text 
he writes “variations in the anatomic arrange- 
ment of this musculature are common, and 
repeated dissections emphasize the fact that 
there is no fixed anatomy.” 


It is of interest to note that the sub- 
cutaneous external sphincter has been likened 
in the St. Mark’s teachings to an “umbrella 
ring” (Gabriel, 1945), whereas this same term 
was applied by Miles (1919) to what he 
believed to be an abnormal ring of fibrous 
tissue, the “pecten band,” lying beneath the 
mucosa of the pecten proper. 


Quite early in this research it was felt that 
this simile would be more apposite if applied 
to the rounded lower border of the internal 
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sphincter. Dissections repeatedly failed to 
demonstrate any subcutaneous voluntary 
muscle which was solely an annulus, whereas 
the texture, shape, and thickness of the in- 
ternal sphincter make it not unlike a rubber 
ring. 


The idea arose that when the characteristic 
whiteness of this muscle became tinged with 
blood it might well be mistaken at operation 
for a subcutaneous part of the external 
sphincter. We were subsequently able to show 
by biopsies that the ring of circular muscle 
encountered during haemorrhoidectomy and 
in the floor of chronic anal fissures is in- 
voluntary muscle. This has in the past been 
mistakenly called the subcutaneous external 
sphincter. 


Goligher, Leacock and Brossy (1955) also 
hold this view, which they established by a 
most ingenious and carefully executed series 
of dissections of living anatomy with appro- 
priate muscle biopsies. In further support 
they quote the finding of Eisenhammer 
(1953) that smooth muscle always forms the 
floor of chronic fissures. Their researches 
come from St. Mark’s itself where they had- 
the ready support of Milligan and Morgan. 
Furthermore, their findings are endorsed in 
a recent paper by Morgan and Thompson 
(1956), based on additional researches at St. 
Mark’s and which, incidentally, partly recants 


on the matter of the anal intermuscular 
septum. 
(5) The “corrugator cutis ani” and the 


puckering of peri-anal skin 
(a) “Corrugator cutis ani” 

This mythical muscle has been described 
as a thin stratum of smooth muscle fibres 
radiating outwards under the peri-anal skin 
superficial to the subcutaneous external 
sphincter (Ellis, 1878; Gray, 1946) and is 
said to be a remnant of the panniculus car- 
nosus (Last, 1954). 


Goligher, Leacock and Brossy (1955) and 
Hughes (1956) say that smooth muscle of the 
musculus submucosae ani extends this far and 
constitutes the “corrugator cutis ani” whereas 
Wilde (1949) and Gray (1954) deny the 


existence of smooth muscle in this situation. 


Buchanan (1946) regards the subcutaneous 
external sphincter as synonymous with the 
corrugator cutis ani. 
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Milligan and Morgan (1937) regard as the 
corrugator cutis ani their downward fascial 
extensions from “the anal intermuscular sep- 
tum” passing firstly inside, and then super- 
ficial to, the subcutaneous external sphincter. 


In our material, when Masson’s differential 
stain was used, no smooth muscle fibres could 
be seen superficial to the subcutaneous ex- 
ternal sphincter, in agreement with the obser- 
vations of Wilde (1949), and the text of 
Gray (1954). With regard to the views of 
Goligher, Leacock and Brossy (1955) and 
Hughes (1956), it should be noted that no 
musculus submucosae ani was found in our 
specimens below the level of the lower border 
of the pecten. 


It is concluded that there should be no 
further place in anatomical literature for this 
supposed structure, the “corrugator cutis ani.” 
It remains to be discussed what actually 
causes the corrugations typical of the skin 
around the anus. 


(b) The puckering of peri-anal skin 


The subcutaneous external sphincter cer- 
tainly plays some part in producing the 
puckering formerly attributed to a “cor- 
rugator cutis ani.” However, if the sphincter 
alone was responsible then its division should 
abolish the puckering, but this is not the case. 
Instead, a characteristic dimpling is found 
over the site of division of this sphincter, the 
complete retraction of the ends being pre- 
vented by the numerous tethering transfixions 
of the conjoined longitudinal coat. This 
dimpling was seen over the site of healed 
third degree obstetrical tears, with rupture 
of the external sphincter, and also after the 
elective division of the subcutaneous sphincter 
for fistula-in-ano. 


In patients with paralysis of their voluntary 
sphincter muscles, contraction of the internal 
sphincter can produce a fine wrinkling of the 
peri-anal skin but the coarse puckering or 
“asterisk figure” typical of the normal anus 
is then absent. It seems that the normal 
puckered appearance results from the com- 
bined effects of levator ani pulling upon the 
conjoined longitudinal coat-tails, and of tone 
in the subcutaneous external sphincter. 


The concept of a “septum of the ischio- 
rectal fossa” (Milligan and Morgan) separat- 
ing the ischio-rectal space above from the 


peri-anal space below has never adequately 
explained why peri-anal abscesses or haema- 
tomata display no free lateral spread but 
remain confined to the characteristic puckered 
zone of peri-anal skin. 


The perimeter of this puckered zone marks 
the periphery of the brush-like fascial inser- 
tions of the conjoined longitudinal coat. It 
is these which initially limit the lateral spread 
of pus or blood lying in their interstices 
and occasion the intense pain which fluid 
collections in the peri-anal space engender. 
From this veritable honeycomb of fascial 
compartments suppuration can secondarily 
burst outwards into the ischio-rectal fossa or 
medially into the submucous space below the 
valves. 


(6) Anal “intermuscular glands” 

Quite large anal glands in truly inter- 
muscular positions have been described by 
Tucker and Hellwig (1934) in cats, dogs 
and rabbits. However, they were unable to 
demonstrate even by special stains any secre- 
tory function of the anal “glands” of man and 
chose rather to call them anal ducts. 


Most of the glands seen in this present 
study had a simple tubular arrangement but 
some had a few terminal branches. There 
was considerable individual variation in the 
size and arrangement of these structures. In 
serial sections these ducts were each found to 
be in continuity with an anal crypt, partly 
overlapped by an anal valve, of which the 
usual number ‘is from six to eight. 


The ducts were lined with stratified 
columnar epithelium but the terminal tubules 
or branches were lined by a layer, usually 
single, of columnar or cuboidal cells. No 
evidence of glandular or secretory activity was 
seen in these sections, the “glands” appearing 
to be simply blind outgrowths or extensions 
of the anal crypts. 


Gordon-Watson and Dodd (1935) state that 
these glands may have any of the following 
extents: 


(a) into the internal sphincter; 


(b) through the conjoined longitudinal 
coat and thence— 


(c) beneath the superficial surface of 
levator ani into the ischio-rectal fossa; 


(d) deep to levator ani into the true pelvis; 
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(e) into the substance of levator ani; 


(f) into the substance of the external 
sphincter. 


Penetration into the internal sphincter can 
certainly occur (Johnson, 1914; Harris, 1929; 
Tucker and Hellwig, 1934; Hill, Shryock and 
Re Bell, 1943), but it is by no means a com- 
mon occurrence. Hill, Shryock and Re Bell 
(1943) found penetration beyond the sub- 
mucosa into the internal sphincter in only 2 
out of 17 specimens and no glands of further 
extent were seen. 


In this investigation penetration of the 
internal sphincter was found in only 3 out 
of 20 specimens (Fig. VI). In the remainder, 
elands were confined to the submucosa of the 
pecten. 


FIG. VI. Photomicrograph of longitudinal section 
ef anal wall showing penetration of the internal 
sphincter by an intermuscular gland. (x 96) 


Peneiration of the longitudinal coat has 
also been described by Johnson (1914) and 
Harris (1929) but this must be a rare event. 
Harris in addition depicts glands coursing 
laterally beneath the lower border of the 
internal sphincter, but it remains to be con- 
firmed whether this arrangement or the 
remainder of the courses listed by Gordon- 
Watson and Dodd occur with any regularity. 


Several writers have accorded these struc- 
tures a prominent role in the pathogenesis 
of ano-rectal suppuration and fistula-in-ano 
(Harris, 1929; Tucker and Hellwig, 1934; 
Gordon-Watson and Dodd, 1935; Morgan, 
1936; Hill, Shryock and Re Bell, 1943). That 
infection should start in these recesses seems 
reasonable to suppose, and certainly one often 
finds with low-level fistulae that the internal 
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opening lies at the level of the valves — the 
the level also of the anal crypts into which 
the glands open. In one case, I have even 
been able to trace the medial extent of a 
fistula to a minute punctum in the floor of 
an anal crypt, but nevertheless one feels that 
inferences drawn from observations of this 
sort have already been stretched too far in 
attempts to explain the manifold ways in 
which suppuration can spread in this region. 


Whatever homologies may be thought to 
exist between these structures and the complex 
anal glands of animals, continued use of the 
term “intermuscular glands” is likely to sus- 
tain widespread misconceptions as to their site 
and function. However probable it is that 
they are often the seat of infection it is not 
necessary to invoke for them unusual courses 
or extents to explain the pathogenesis of ano- 
rectal suppuration. The complex fascial off- 
shoots, already detailed, of the conjoined 
longitudinal coat afford any number of pre- 
formed pathways for infection to spread in 
the ischio-rectal and peri-anal tissues. 


(7) The “pecten band,” “pectenosis” and 
“pectenotomy” 
Miles (1919) coined the term “pecten 

band” for what he believed to be an abnormal 

ring of fibrous tissue lying immediately be- 
neath the epithelium of the pecten proper. 

He likened this band to an “umbrella ring” 

and it seems probable on anatomical grounds 

that he was mistakenly regarding the internal 
sphincter as a pathological entity. 


Later on Abel (1932) refers to the pecten 
band as “a fibrous band of varying thickness 
and density between the mucous membrane of 
the pecten and the external sphincter” and, 
further, “it may exist to a marked degree 
without any other pathological condition.” 
Here the reference seems most likely to be to 
the fibromuscular tissues of the musculus 
submucosae ani which, as noted by Fine and 
Lawes (1940), vary greatly in individual 
development. 


Whatever their beliefs as to the supposed 
pathology it seems probable that those 
surgeons who in the past have practised 
“nectenotomy” have been dividing portion of 
the internal sphincter ani, a measure which 
Eisenhammer (1953) has shown to be suc- 


cessful in the treatment of chronic anal fis- 
sures. 
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It is recognized that fibrosis of the internal 
anal sphincter may occur as a senile con- 
dition, and fibrous replacement of some 
fasciculi of this muscle was seen in this study 
in sections from elderly patients. However, 
this is insufficient ground for perpetuating a 
clinical chimera which has already lingered 
too long, to the detriment of that precise 
descriptive term the pecten proper. 


FIG. VII. 


meant by the muco-cutaneous junction, but 
suggest the abandonment of the term because 
of their difficulties in interpreting the his- 
tology of this region. Parks (1954) likewise 
writes of the pectinate line as being synony- 
mous with the muco-cutaneous junction but 
surprisingly portrays his “pectinate line” 
some distance above the valves. In a sub- 


sequent paper (Parks, 1955) he shows the 


Sagittal diagram of rectum and anal canal showing two different concepts of the 


anal canal. 


(a) The anatomical or surgical concept of the canal, 


extending from the apex of the prostate 


and ano-rectal ring to the orifice of the anus and surrounded by the sphincters, including 


the pubo-rectalis. 


(b) The embryological concept of the canal, extending from the level of the valves to the orifice 
of the anus, surrounded by the internal and external sphincters only, and demonstrable when 


pubo-rectalis is relaxed (e.g., 


under spinal anaesthesia). 


P.C.—Pubo-coccygeal line. 
(Reproduced with permission from the article by F. D. Stephens in the Aust. N.Z.J. Surg., 1973, 
vol. 23.) 


(8) Delineation of the anal canal 
(a) Terminology 

In addition to those material points of 
anatomy already dealt with there remain 
several points in regard to definitions and 
descriptive terms of reference which still 
demand discussion. The literature is so be- 
devilled by such ill-defined terms as muco- 
cutaneous junction, ano-cutaneous line and 
ano-rectal line, that some attempt at clarifica- 
tion seems overdue. 


For instance, Callander (1952) brackets 
the whole of the pecten as the muco-cutaneous 
junction whereas Ewing (1954) chooses the 
pectinate line as the site of this transition. 
Goligher, Leacock and Brossy (1955) also 
regard the pectinate line as what has been 


muco-cutaneous junction below the pectinate 
line, which he then defines as the upper limit 
of a zone of stratified columnar cells extend- 
ing 0.25 to 1 cm above the anal crypts. This 
is a novel definition of the pectinate line. 


On the other hand, the muco-cutaneous 
junction is placed by Hilton (1863), Treves 
(1952), Buchanan (1946), and Milligan 
(1943) at the level between the internal and 
external sphincters but Milligan depicts this 
interval at the pectinate line, which, as Ewing 
(1954) has shown and this present study con- 
firms, lies always some distance above the 
intersphincteric interval. This unfortunate 
tendency to identify the pectinate line with 
the intersphincteric level and furthermore 
with the “white line” of Hilton was commonly 
found in the literature. 
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To make confusion worse confounded the 
line of the valves is referred to in an earlier 
paper (Milligan, Morgan, Jones and Officer, 
1937) as the ano-cutaneous line. Hermann 
(1880) also defines the “ano-cutaneous line” 
as the line of the anal valves, but Johnson 
(1914) puts it at the lower border of the 
pecten, and Callander (1952) calls it “the 
anal verge or rima.” 


In the face of such widespread differences 
of interpretation and usage it is felt that the 
terms “ano-cutaneous” and “muco-cutaneous” 
are best avoided. 


The pecten (Stroud, 1896) was found in 
this study to be such a clearly demarcated 
zone both macroscopically and micro- 
scopically that reference to its borders could 
well supplant the ambiguous phrases “ano- 
cutaneous” and “muco-cutaneous.” The lower 
border of the pecten corresponds to the in- 
terval between the internal and external 
sphincters whereas its upper border is the 
readily identifiable pectinate line, on which 
lie the anal valves. Suitable synonyms for 
the pectinate line are the line of the anal 
valves or the dentate line. 


(b) Upper limit of the anal canal 


Currently two definitions of the upper limit 
of the canal flourish side by side. 


The anatomical+ or surgical definition 
(Fig. VII) places the beginning of the anal 
canal at the surface of the pelvic diaphragm 
or at the apex of the prostate (Cunningham, 
1951) or, what amounts to virtually the same 
thing, at the ano-rectal ring (Milligan and 
Morgan, 1934). The advocates of the embryo- 
logical definition (Wood-Jones, 1911; Gorsch, 
1955) lower this level to the pectinate line 
according to the generally accepted notion 
that the anal valves mark the site of an 
embryological event — the breakdown of the 
anal membrane separating the proctodaeal pit 
from the hindgut. 


However, this seems to be no logical reason 
to abandon the common-sense surgical defini- 
tion. More especially is this so since the 
ano-rectal ring is such a readily palpable 


7In discussing definitions of the anal canal Morgan 
and Thompson (1956) use “anatomical” as synony- 
mous with “embryological” but the embryological 
definition is certainly not the one adopted in the 
majority of anatomical texts. 
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landmark, as pointed out in the now classic 
researches of Milligan and Morgan (1934), 
above which the rectum so abruptly changes 
its direction and dimensions. 


Historically it is worth noting that there 
was no descriptive subdivision of this part of 
the rectum until 1888 when Symington was 
the first (Wood-Jones, 1911) to coin the term 
“anal canal” for that natural feature of the 
body which, even though it includes the lowest 
portion of the rectum, has a character and 
direction distinctively its own. 


For these reasons the definition of the 
anatomists and surgeons is preferred here and 
it is in this broader sense that the term ‘anal 
canal” is used throughout this paper. 


(c) Lower limit 

The canal’s lower limit has not yet been 
clearly defined in relation to either its invest- 
ing musculature or to the features of its 
lining epithelium. 


In many accounts (Abel, 1932; Milligan 
and Morgan, 1934; Gray, 1946; Callander, 
1952; Grant, 1952; Last, 1954) the sub- ~ 
cutaneous part of the external sphincter is 
said to surround the lower third or quarter 
of the anal canal. However, Cunningham 
(1951) pictures the internal sphincter reach- 
ing down to the anal orifice and Parks (1954) 
found only smooth muscle in biopsies taken 
from the anal verge. That both points of 
view could, under varying circumstances, be 
correct was foreshadowed in the account of 
Callander (1952): “When the canal is 
obliterated, that is, its muscles in a state of 
contraction, much of the external sphincter 
lies distal to the internal, definitely over- 
lapping it. When the canal is distended by 
digita! examination or by the passage of a 
formed stool the sphincters occupy a more 
truly internal and external position.” 


Goligher, Leacock and Brossy (1955), from 
a study of the living anatomy, conclude that 
“the lower part of the external sphincter lies 
further downwards and outwards relative to 
the anal orifice than it does in fixed sections 
of the excised anal canal” and further, that 
during haemorrhoidectomy, “owing to the 
effects of the anaesthetic the lower end of the 
external sphincter relaxes and moves laterally 
under the peri-anal skin outside the field of 
operation.” 
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In truth the relationship is a variable one 
as can readily be confirmed by the following 
observation. If a finger is laid gently on the 
relaxed anus, and the patient then voluntarily 
contracts his external sphincter, ithe examining 
finger can be felt to be extruded as length is 
added to the canal from below by the con- 
tracted mass of the external sphincter. At 
the same time the anal intermuscular or inter- 
sphincteric groove will be felt to lie within 
the anus, whereas previously it would be pal- 
pable just at, or slightly outside, the apparent 
anal orifice. 


A superficial situation of this groove is a 
common finding in infants. In them, the 
rounded lower border of the internal sphincter 
is usually prominent at the anus, and is, in 
fact, still visible beneath the peri-anal skin 
in a large number of older persons. This 
arrangement is believed to represent the basic 
anatomy of the anal orifice but with ad- 
vancing age a number of factors summate to 
obscure its simplicity. 


In infancy the anal canal meets a rather 
“flat” perineum at almost a right angle so 
that the actual anal margins appear in sections 
to be defined with nearly rectilinear precision. 
But as age advances the flat perineum of in- 
fancy is lost and accumulations of fat in the 
buttocks result in the anus becoming an 
inverted funnel with curving sides so that 
recognition of the anal margins becomes 
increasingly difficult. Subsequently the ap- 
pearance about the anus of a variety of skin 
folds and tags, either with or without accom- 
panying varicosities, becomes so common as 
to almost be regarded as the norm. Further, 
the mobility of the mucosa of the lower part 
of the canal, which has been remarked upon 
by others (Cunningham, 1951; Parks, 1954), 
adds yet again to the difficulties of orienta- 
tion. 


With due consideration to all these vari- 
ables it was concluded from the clinical and 
histological findings of the present study that 
the lower border of the internal sphincter 
forms the natural lower limit of the anal 
canal. It is not necessary to invoke anaesthesia 
or the lithotomy position as the reason for this 
muscle presenting at operation at the anal 
orifice. The lower border of this muscle is 
under all circumstances readily identified by 
palpation of the anal intermuscular groove of 
Milligan and Morgan. Moreover, when there 


is no distortion of the epithelial lining this 
level corresponds fairly accurately with the 
lower border of the pecten —the transition 
from smooth stratified squamous epithelium 
to true peri-anal skin. 


SUMMARY AND CONCLUSIONS 


The surgical anatomy of the anal canal has 
been re-investigated and the many sources 
of confusion in the literautre are reviewed. 
Several standard surgical teachings of the past 
twenty years have been discredited, foremost 
among these being Hilton’s line, the pecten 
band, the anal intermuscular septum and 
corrugator cutis ani. 


Substantially correct accounts of the 
anatomy were given by Continental anatomists 
of the past century, especially in regard to 
the disposition of the longitudinal muscle 
layers, but these earlier accounts have up till 
now lacked clinical correlation. An attempt 
was made in this research to provide such 
correlation by a combined anatomical, em- 
bryological and clinical study. The com- 
plexity of the longitudinal layers repays de- 
tailed study by affording a key to the whole 
anatomy of this region. 


The anal canal is here defined as extending 
between two readily palpable muscular land- 
marks — the ano-rectal ring above and the 
anal intermuscular groove below. This 
groove owes its existence simply to the con- 
figuration of the sphincter muscles and not 
to the pull of any specialized structures or of 
the supposed anal intermuscular septum. 


In life, the relaxed external sphincter lies 
below and lateral to the anal orifice but when 
contracted it surrounds the lowest reaches of 
the apparent anal canal. The descriptive sub- 
division of the external anal sphincter into 
subcutaneous, superficial and deep parts is 
shown to be artificial. 


As descriptive terms of reference “ano- 
cutaneous” and “muco-cutaneous” are shown 
to be unsatisfactory. The only epithelial 
landmarks of much value are the upper and 
lower borders of the pecten, a zone of hair- 
less stratified squamous epithelium lacking 
sweat or sebaceous glands. Pathological dis- 
tortion or prolapse of the mucosa may dis- 
place these borders in relation to the muscles 
but, of the two, the upper shows a relative 
degree of fixity. In haemorrhoidal or rectal 
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prolapse, this fixity can produce a visible 
-roove which has previously been confused 
ith the palpable anal intermuscular groove. 
his tethering of the mucosa at the level of 
1e anal valves and crypts is due to fibro- 
wuscular insertions from levator ani and the 
ngitudinal muscle strata of the anal wall. 


The epithelium at the upper limit of the 
,ecten changes abruptly at the valves to a 
- ratified columnar mucosa, lacking goblet 
cells or intestinal glands, which covers the 
~nal columns. True rectal mucosa forms the 
:emainder of the lining of the canal up to 
tie ano-rectal ring. 


The lower border of the pecten corresponds 
i. the main to the anal intermuscular groove 
ad is marked by an irregular line of tran- 
-ition to the prominent follicles of the true 
peri-anal skin. 


Simple tubular ducts or glands pass as 
offshoots from the anal crypts into the sub- 
mucosa of the pecten. Occasionally they 
penetrate the internal sphincter but the spread 
of suppuration from such a source is prob- 
ably dictated more by the multitudinous 
fascial planes of the region rather than by 
unusual extents of these ducts. 
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THE EFFECT OF CONTINUOUS ADMINISTRATION OF CORTISONE 
AND ITS WITHDRAWAL ON BONE 


By Etspon Storey 


Department of Pathology, University of Melbourne 


HE effect of cortisone on connective 

tissues is inhibitory, described more 
specifically as anti-anabolic (Albright, 
1942-3; Ragan et alii, 1949) and anti-mitotic 
(Green and Ghadially, 1951) and this type 
of change occurs also in bone. Observations 
have been made in man and considerable 
experimental work has been undertaken in 
animals. 


One difficulty with such experimental study 
is species difference. Blunt et alii (1950) 
and Sissons and Hadfield (1951) showed that 
healing of fractures in rabbits is inhibited by 
cortisone. On the other hand Key et alii 
(1952) failed to show any significant effect 
following its administration to rats. 


As far as the rabbit is concerned, some 
workers (Sissons and Hadfield, 1955; Sissons, 
1956) concluded that the effect of cortisone 
was inhibitory and that rarefaction was due 
to the unopposed continuance of the normal 
osteolytic processes. Sissons (1956) also 
remarked on the similarity of the lesions to 
those in Cushing’s disease. 


The relatively simple phenomena induced 
experimentally by cortisone injection cannot 
profitably, as yet, be likened to complex bone 
disorders in man. On the other hand precise 
information regarding the sequence of events 
and the detailed form of changes at different 
stages in experimental conditions is desirable 
and indeed, essential as a basis of study of 
naturally occurring conditions; thus a study 
of the effect of the administration of corti- 
sone, especially its immediate results, has 
been made. It has been found that the initial 
action of cortisone administration in the rab- 
bit during tooth movement (an excellent ex- 
perimental method of producing mechanical 
stress in bone) is a rapid resorption of bone 
and delay in new bone formation (Storey, in 
press). This present paper is concerned with 
an extension of the previous work to the 


study of the effect of cortisone on other bones 
in the rabbit, and the changes following the 
withdrawal of cortisone. 


EXPERIMENTAL METHOD 


Eight young rabbits, eight to twelve weeks 
old, were injected with 25 mg. cortisone per 
day and histological sections of bone were 
obtained at seven, eleven, fourteen and twenty- 
one days after the beginning of the injections. 
The withdrawal of cortisone was studied by 
discontinuing the administration of cortisone 
after seven days and allowing another seven 
days to pass before killing the animals. Also 
4 young rabbits were injected with A.C.T.H. 
10 I:U. per day and killed at seven, eleven, 
fourteen and twenty-one days after the first 
administration. 


Sections were obtained from the cranial 
vault (in the coronal plane, }” behind the 
coronal suture), the premaxillae and the 
lower end of the femur. Some sections were 
taken from vertebrae. 


RESULTS 


(1) Administrations of cortisone 


(i) Cranial vault 


By seven days (Fig IB) there is a rapid re- 
sorption of bone throughout the entire tissue. 
Large areas of bone are replaced by extremely 
vascular tissue, these areas extending from the 
endosteal surface almost completely through 
the cortex to the periosteal surface (Fig. 
IIA). There are small areas of resorption 
which begin at the periosteal surface and 
progress towards the endosteal surface. All 
small vessels in bone are dilated and the bone 
adjoining them is being removed, although 
here no multinucleated osteoclasts are seen 
(Fig. IIIA); instead, mononuclear cells are 
present in small lacunae. Where large areas 
of bone are resorbed, multinucleated osteo- 
clasts are seen adjacent to the resorbing 
surfaces. In the sagittal suture there is a 


>, 


FIG. I. Photomicrographs showing the effect of cortisone on the cranial vault of normal twelve- 

week-old female rabbits. The histological sections show a coronal section of two parietal bones 

which are joined in the centre by the saggital suture. 

(A) Normal rabbit. (x 40) 

(B) Cortisone injection for seven days; extensive bone resorption has taken place associated with 
a great increase of vascularity and appearance of osteoclasts at bone edges. (x 40 

(C) Cortisone injection for twenty-one days. Bone resorption has continued so that the cortical 
plates of bone are much thinner and fat and marrow cells now replace the bone removed. 


(x 40) 
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FIG. II. (A) Photomicrograph showing the effect of cortisone injection for seven days on the 
cortical plate of the parietal bone. A large area of resorption has occurred beginning at the 
endosteal and progressing towards the periosteal surface. The margins of the bone are being 
actively resorbed — there is increase of vascularity and osteoclasts are present. (x 1000) 
(B) Photomicrograph showing the effect of cortisone for twenty-one days on the cortical plate of 
bone. Gross thinning of bone has occurred and a new layer of bone is forming on the periosteal 
surface — this stains deeply with haematoxylin and contains several very deeply staining lines. 
(x 1000) 
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great increase of vascularity, separation of 
connective tissue fibres from each other, 
resorption of some bone from part of the 
sutural area and inhibition of bone growth. 
On the periosteal surfaces the normally occur- 
ring new bone growth is absent. By fourteen 
days resorption of bone has continued so that 
still further bone is removed, particularly 
from the endosteal surfaces. The areas of 
bone removed are replaced either by 
numerous dilated vessels and a few small 
thin fibroblasts with strands of eosinophilic- 
staining material or by marrow and fat cells. 
Some areas of bone are still lined by osteo- 
blasts (Fig. V) although very little new bone 
or matrix is present. By twenty-one days 
(Fig. IC) the bone trabeculae are much 
thinner but there is little obvious sign of 
active bone resorption. There is no replace- 
ment of bone by proliferating connective 
tissue; instead marrow and fat cells extend 
from one endosteal surface to the other (Fig. 
IVA). However, on higher magnification, 
small lacunae are present at bone edges in 
which deeply-staining mononuclear cells are 
present. These are particularly evident where 
remnants of trabeculae still remain and these 
indicate that removal of bone is continuing 
(Fig. IVB). The trabeculae of the diploe 
are particularly thin and resorption is con- 
tinuing on the inner surfaces; where resorp- 
tion has progressed to an extent that only a 
small layer of bone remains, only a small 
amount of additional new bone, which is 
being added to the periosteal surfaces, is 
found. This new bone stains deeply with 
haematoxylin and contains several “reversal” 


lines (Fig. IIB). 


Sutural connective tisue is very sparse and 
bone edges have partly resorbed. 


(ii) Premaxilla and vertebra 


Changes similar to those observed in the 
skull occur in these bones. There is increased 
resorption of the bone of the premaxilla 
(involving not only the bone tissue but the 
adjacent intermaxillary suture), failure of 
new bone growth and a thinning of all 
trabeculae. In the premaxillae, resorption 
of the serrations of sutures almost separates 
them from the adjoining premaxillary bone 
while connective tissue connecting the two 
bones is sparse. The peridental membrane 
is not obviously changed. 
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(iii) Femur 

The most significant changes are at the 
growing epiphyseal cartilage. By seven days 
there is excessive vascularity and removal of 
metaphyseal calcified cartilage, while, in the 
nearby bone, resorption continues with little 
replacement of new bone. 


By fourteen days, the long columns of cal- 
cified cartilage are resorbed and the residual 
epiphyseal cartilage is covered, on the en- 
dosteal surface, by a layer of bone matrix 
in which haematoxylin-staining granules are 
absent (cf. Figs. VIA and VIC). Resorption 
of adjoining bone continues in such a manner 
that large areas are removed. This resorp- 
tion of bone of the shaft becomes less as the 
distance from the epiphyseal cartilage in- 
creases. In the middle of the shaft there are 
some dilated vessels and some degree of re- 
sorption of bone surfaces is present. 


By twenty-one days, the changes have pro- 
gressed so that extensive thinning of bone 
trabeculae is obvious. The epiphyseal carti- 
lage is in places being resorbed and cartilage 
cells are no longer proliferating (Fig. VIB). 
On the periosteal surface of the shaft there is 
little new bone formation. Signs of bone 
resorption are present only at the edges of 
bone and there is no replacement of bone by 
connective tissue. 


(2) Withdrawal of cortisone 


In all bones there is, in these circum- 
stances, a change from the process of resorp- 
tion to that of deposition of bone (Figs. VIIA 
and VIIB). A darkly-staining haematoxylin 
line marks the change from resorption to 
deposition of bone and these lines will be 
referred to as “reversal” lines. New bone 
forms not only where active resorption had 
previously taken place but also on periosteal 
and endosteal surfaces; this is particularly 
so on the outer surface of the cranial vault 
where it resembles a layer of appositional 
growth. In general, the lines separating old 
and new bone are darker than those already 
present in the bone. These lines indicate 
that, even around the smallest perforating 
canals, a change from resorption to deposition 


has occurred (Fig. IIIB). 


_Although the. general change is in the 
direction of new bone deposition, resorption 
continues in other areas often next to newly 


FIG. III. Photomicrographs showing the effect of cortisone and its withdrawal on a 

perforating canal of the outer cortical plate of the cranial vault. 

(A) Resorption of bone, associated with a dilated vessel, after seven days cortisone adminis- 
tration; a wide canal is present due to local disappearance of bone. (x 1000) 

(B) New bone is forming on the margin of the bone plate, of the canal and also on the 
periosteal and endosteal surfaces following the withdrawal of cortisone. This new bone 
contains numerous haematoxylin staining granules—a darkly staining haematoxylin 
line separates the old and new bone. (x 1000) 
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FIG. IV. Photomicrographs showing the effect of cortisone administered for twenty-one days, 
on the cranial vault of the rabbit. 
(A) Extensive thinning of the outer cortical plate of bone — fat and connective tissue cells replace 
the bone removed by resorptive processes, (x 240) 
(B) Higher power view showing the resorption of bone edges associated with the presence of single 
nucleated cells in small lacunae. Note the absence of any fibrous replacement of resorbed 
bone, (x 1000) 
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‘ormed bone. Occasional lines are present in 
he sagittal suture where bone growth con- 
inues; however, there is no evidence of their 
wesence in the proliferating cartilage of the 


3) Administration of A.C.T.H. 


The administration of A.C.T.H. produces 
0 observable effect on the bone of either the 
cull or premaxillae. However, there is a 
enificant difference in the growing epiphysis 
.f the femur at the end of twenty-one days 
Fig. VID); the cartilage is narrower than 
: ormal, whilst osteogenesis is inhibited. The 
‘ong columns of metaphyseal bone are now 
iregular and stunted. 


FIG. V. Photomicrograph showing the effect of 

cortisone, administered for fourteen days, on the 

cranial vault of the rabbit. Althougn resorption is 

continuing some areas show oesteoblasts lining 

bone surfaces although very little new bone or 
matrix has formed. (x 760) 


DIscussION 


The administration of cortisone to the rab- 
bit results in the rapid immediate resorption 
of bone and inhibition of new bone formation 
so that by the end of twenty-one days all 
bones are grossly thinner. In the initial 


3A, 
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stages the resorption of bone is characterized 
by an intense increase of vascularity (dilated 
and more numerous vessels), the presence of 
uni- and multi-nucleated osteoclasts at the 
bone edges where resorption is taking place, 
and some replacement of bone by fibroblasts 
and strands of eosinophil-staining material. 
Although the process of resorption continues, 
the replacement of bone by proliferating con- 
nective tissue does not occur. Instead, by 
twenty-one days, there is but little sign of 
connective tissue replacement and marrow 
tissue and fat cells fill the space left by the 
resorbing bone. The appearance of bones at 
twenty-one days is similar to that described 
in Cushing’s syndrome by Follis (1951b) and 
to that induced, in rabbit femurs, with corti- 
sone by Sissons and Hadfield (1955). Follis 
found little in the pathological picture in his 
cases to account for the loss of bone; there 
was neither fibrous replacement nor osteo- 
clasts though osteoblasts were present at some 
bone edges. Sissons (1956) postulated that 
the action of cortisone was anti-anabolic 
while normal unapposed osteolytic processes 
continued and produced a significant osteo- 
porosis of bone such as he demonstrated in 
rabbit femurs. 


In the present investigation the change in 
character of the resorption process is con- 
sistent with the known catabolic and anti- 
mitotic action of cortisone. The replacement 
of resorbing bone by connective tissue would 
not be expected to take place in the presence 
of large amounts of cortisone as it has been 
shown previously that, particularly in the 
rabbit, cortisone inhibits the formation of 
connective tissue (Ragan et alii, 1949). 


In the late stages of the resorption process 
(twenty-one days), careful study discloses 
small lacunae at the edges of bone in which 
cells are resting. The presence of multi- 
nucleated osteoclasts is not a necessary pre- 
requisite for the detection of resorbing bone. 
In the early stages of the resorption, asso- 
ciated with cortisone administration, multi- 
nucleated osteoclasts are present in some 
animals but their number diminishes in suc- 
ceeding weeks and they are almost absent by 
twenty-one days. In the early stages of re- 
sorption round small vessels, osteoclasts are 
not present but the deposition of bone seven 
days after cortisone withdrawal suggests that 
resorption has occurred previously around 
the edges of some of these small canals. 
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Photomicrographs of the epiphyseal region. 

(A) The normal epiphyseal cartilage of the femur of the rabbit aged twelve weeks. (x 60) 

(B) The effect of cortisone for twenty-one days on the epiphyseal cartilage of the femur of the rabbit. 
Continued resorpion has removed much of the metaphyseal bone and only a few thin trabeculae connect 
the epiphyseal plate of cartilage to the diaphysis. (x 60) 

(C) The effect of cortisone given for fourteen days on the epiphyseal cartilage of the femur of the rabbit. 
The metaphyseal bone is almost completely resorbed and the epiphyseal cartilage is covered by a thin 
layer of bone. (x 60) 

(D) The effect of the A.C.T.H. given for twenty-one days on the epiphyseal cartilage of the femur of the 
rabbit. There is inhibition of proliferation of epiphyseal cartilage and only short stunted bone 
trabeculae remain connecting the epiphyseal cartilage to the diaphysis. (x 60) 
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FIG. VII. Photomicrographs showing the effect of withdrawal of cortisone. New bone 
formation is occurring along the edges of large areas of bone and a new layer has formed 
at the periosteal surface; it is prominent round vascular canals in the bone. This new bone 
is separated from the old by a deeply staining haematoxylin line. A—(x 240). B—(x 500). 
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It is quite possible that osteoporosis may 
be produced in more than one way. Albright 
(1942-3) suggests that failure of matrix for- 
mation is the most likely explanation but 
matrix removal would give the same result. 
In the experiments on rabbits the evidence 
points to rapid removal of bone as the cause 
of the osteoporosis and also indicates that 
studies of bone, once they have become osteo- 
porotic, are of limited value. Follis (1951b) 
has already pointed out that histological 
studies of bone changes in the advanced 
stages of Cushing’s syndrome offer no ex- 
planation of how bone tissue has been re- 
moved. 


A.C.T.H. administration in the rabbit is 
followed by an increase in serum citric acid 
(Pincus et alii, 1951). Such increase (fol- 
lowing sodium citrate administration sub- 
cutaneously) is known to be associated with 
resorption of bone, giving a picture resemb- 
ling Osteitis fibrosa (Gomori and Gulyas, 
1944). However, A.C.T.H. administration 
increases the citric acid level while cortisone 
decreases it (Pincus et alii, 1951), yet, 
although growth of cartilage is inhibited, 
changes in the bone after A.C.T.H. adminis- 
tration are not apparent. It appears, there- 
fore, that the action of cortisone on bone is 
not primarily related to serum citric acid 
levels. It is possible that, as large doses of 
cortisone in the rabbit probably produce an 
increased calcium excretion which would be 
expected to implicate the parathyroid glands, 
cortisone may produce its effect on bone by 
interfering with calcium metabolism; how- 
ever, little is as yet known about adrenal- 
parathyroid relations. 


It was shown previously (Storey, in press) 
that connective tissue under stress becomes 
greatly modified and it was postulated that 
this was due to a change in the physical 
properties of mucopolysaccharides. There is 
probably a similar change in bone ground 
substance when resorption of bone occurs. 


Sissons and Hadfield (1955) have shown 
that the administration of cortisone inhibits 
the growth of rabbit femurs, and a similar 
change has been described by Follis (1951a) 
in the rat. However, the effect of cortisone 
is more pronounced than that of A.C.T.H. in 
the rabbit. The metaphyseal bone is almost 
completely removed and the remaining epi- 


physeal cartilage is sealed off by a layer of 
bone from the bone marrow. This change 
resembles that following hypophysectomy in 
the rat where a similar change occurs (Becks 
et alii, 1944). In the rat, as in the rabbit, 
following the administration of A.C.T.H. 
there is a slowing down of epiphyseal pro- 
liferation and osteogenesis. The difference 
between the action of A.C.T.H. and cortisone 
in the rabbit may be due to differences 
between the amount of cortisone administered 
and that produced endogenously by the action 
of A.C.T.H. On the other hand the adrenal 
cortex is known to produce more than one 
hormone and possible antagonists to the 
action of cortisone must be borne in mind. 


The failure of A.C.T.H. administration to 
duplicate the effect of cortisone on bone is 
consistent with the observation that the rabbit 
secretes but little hydrocortisone under the 
stimulation of A.C.T.H. (Bush, 1952). Even 
after three weeks administration of A.C.T.H., 
when the ratio of hydrocortisone/corticos- 
terone would be expected to change (Kass et 
alii, 1954), although failure of cartilagenous 
growth has been observed both in these ex- 
periments and in the rat (Becks et alii, 1944) 
there is no evidence of increased resorption 
of bone such as is seen following cortisone 
administration in the rabbit. 


The withdrawal of cortisone is foliowed 
by rapid bone formation in the areas where 
resorption of bone had previously occurred. 
A darkly-staining haematoxylin line marks 
the site of the reversal of the resorptive 
process. A similar addition of bone takes 
place on the periosteal surfaces and this re- 
sembles a layer of appositional growth. This 
periosteal addition of bone is not continuous 
over the whole surface of the cranial vault 
and, in the femur, is present only in the 
middle of the shaft. It is sometimes present 
at the margin of sutures. It is perhaps rele- 
vant here to ask what is the relation of this 
production of appositional growth of bone to 
that which occurs normally? Is the normal 
appositional growth of bone under control of 
cyclic alterations in activity of hormones, 
or is it a local phenomenon? It is note- 
worthy that the small vessels in Haversion 
systems dilate, with resorption of the adjoin- 
ing bone, under the influence of cortisone, 
and following its withdrawal, a layer of bone 
is reformed. This resorption process occurs 
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without the mediation of osteoclasts, showing 
that osteoclasts are not necessary for bone 
resorption. 


The amount of bone laid down following 
the withdrawal of cortisone is greater than 
would ordinarily be expected and may sig- 
1ify a rebound phenomenon produced by 
‘he sudden change in ratios of growth and 
intigrowth factors. A similar “rebound” 
phenomenon may account for Seyle’s (1932) 
finding that the administration of small doses 
of parathormone, given at two-day intervals, 
is associated with an overgrowth of dense 
bone, the increased production of bone result- 
ing from an excessive osteoblastic activity in 
the period between injections of parathor- 
mone. It has been possible to produce similar 
changes in rabbits with cortisone simply by 
changing the dose and time relation between 
administrations. 


The temptation to venture to apply observa- 
tions of this kind directly to naturally occur- 
ring diseases is a great one and, indeed, is 
one to which some authors have already 
succumbed. However, even a casual con- 
sideration of the various general bone diseases 
makes it evident that they are due to the in- 
fluence of a considerable number of factors 
acting, in various ways (which even differ at 
different stages of the disease processes), over 
a long period. Thus any attempt at a facile 
application of the information gained by 
relatively simple experiments to the elucida- 
tion of these diseases can give only mislead- 
ing conclusions. 


In the observations presented here, em- 
phasis has been placed on what are simple 
components of a maze of entangled processes. 
As such they are of considerable value and 
importance and it is necessary that such kinds 
of information should be gradually accumu- 
lated since, in this way, the whole pathological 
complex of each naturally occurring disease 
will ultimately be synthetized. 


Attempts to achieve such synthesis are, at 
present, premature. The suggestion that some 
bone conditions are due to hormonal dis- 
turbances is implicit in the (at least super- 
ficial) similarity of experimentally produced 
bone changes to those observed in the well- 
developed disease in man; but much further 
study is required. The current study is 
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presented as a contribution to one small 
aspect of the factors producing significant 


SUMMARY 


The administration of cortisone in the rab- 
bit is associated with an immediate resorption 
of bone and inhibition of new bone growth 
so that all bones and bone trabeculae are 
grossly thinner than normal. In early stages 
(seven days) the bone is replaced by ex- 
tremely vascular connective tissue and osteo- 
clasts are present at edges of resorbing bone. 
Resorption of bone around dilated vessels is 
not necessarily associated with the presence 
of multinucleated osteoclasts. However, later 
in the process, vascularity decreases and 
marrow cells and fat replace the resorbing 
bone. 


The epiphyseal cartilage also is resorbed 
partially under the influence of cortisone 
while no new growth of bone is observed. 
However, with A.C.T.H. there is only a slow- 
ing of cartilagenous proliferation and osteo- 
genesis. A.C.T.H. does not have the same 
effect on bone as does cortisone — neither 
skull, vertebrae nor femur show evidence of 
increased resorption. 


Following the withdrawal of cortisone new 
bone forms where previously it was being 
removed. On the periosteal surface of the 
skull a layer of new bone forms separated 
from the old by a thick line indicating the 
change from inhibition of growth or resorp- 
tion to the formation of new bone. These 
lines can be demonstrated easily around the 
vessels in Haversion systems thus showing 
where resorption had occurred previously. It 
is emphasized that new bone formation after 
cortisone withdrawal is greater in amount 
than would, a priori, have been expected in 
a simple replacement of resorbed bone. 


ACKNOWLEDGEMENTS 


Thanks are due to Merck Co. which gene- 
rously supplied the cortisone acetate used in 
these experiments, and to the Commonwealth 
Serum Laboratories which provided the 


A.C.T.H. 


This work was carried out while holding a 
grant from the National Health and Medical 
Research Council. Preliminary studies were 
made at the Australian School of Dentistry. 


= 
e 
n 
e 
e 
d 
n 
e 
s 
t 
e 
n 
s 
) 
e 
4 
| 


THE AUSTRALIAN AND NEw ZEALAND JOURNAL OF SURGERY 


REFERENCES 


Axsricnt, F. (1942-3), Harvey Lect., vol. 38, page 
123. 

Becks, H., Simpson, M. E., Li, C. H. and Evans, 
H. M. (1944), Endocrinology, vol. 34, page 305. 

Buiuntr, J. W., Prorz, C. M., Latres, R., Howes, 
E. L., Meyer, K. and Racan, C. (1950), Proc. 


Soc. exp. Biol., N.Y., vol. 73, page 678. 
Busn, I. E. (1952), J. Endocrinol., vol. 9, page 95. 
Fouus, R. H., Jr. (195la), Proc. Soc. exp. Biol., 
N.Y., vol. 76, page 722. 
— Bull. Johns Hopk. Hosp., vol. 88, page 


Gomori, G. and Gutyas, E. (1944), Proc. Soc. exp. 
Biol., N.Y., vol. 56, page 226. 

Green, H. N. and Guapiatty,.F. N. (1951), Brit. 
med. J., vol. 1, page 496. 


Kass, E. H., Hecuter, O., Maccui, I. A. and Mou, 
T. W. 1954), Proc. Soc. exp. Biol., N.Y., vol. 85, 
page 583. 

Key, J. A., Overt, R. T. and Taytor, L. W. (1952), 
J. Bone Jt Surg., vol. 34A, page 665. 

Pincus, J. B., Natetson, S. and Lucovoy, J. K. 
(1951), Proc. Soc. exp. Biol., N.Y., vol. 78, page 
24. 

Racan, C., Howes, E. L., Prorz, C. M., Meyer, K. 
and Biunt, J. W. (1949), Proc. Soc. exp. Biol., 
N.Y., vol. 72, page 718. 

Serve, H. (1932), Endocrinology, vol. 16, page 547. 

Sissons, H. A. and Haprtetp, G. J. (1951), Brit. J. 
Surg., vol. 39, page 172. 

—. (1955), J. Anat. (Lond.), vol. 89, page 69. 

—— (1956), J. Bone Jt. Surg., vol. 38B, page 418. 


Storey, E. (1957), in the press. 


30 

a 

| 

| 

ye 
in 
al 
sv 
Ww 
in 
Sp 
nc 
ne 


| pes paper is based upon six patients in 
whom hydatid cysts were found growing 
)rimarily in paraspinal muscle compartments. 
n all 6 cases no radiological or other evi- 
lence could be found of the presence of 
yrimary intra-osseous hydatid cysts. The case 
iistories of the six cases follow. 
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FIG. I. Tracing from the skiagram of the lumbar 

spine in Case 2 to show the pressure atrophy of 

the left transverse process of the third lumbar 
vertebra. 


Case 1 

1938. E.E.M., a female schoolteacher, aged 19 
years, had noticed for one year a gradually increas- 
ing, painless swelling on the right side of the back, 
above the iliac crest. On examination, an ovoid 
swelling with the long axis parallel with the spine, 
was visible on the right side of the midline extend- 
ing from the level of the third to the fifth lumbar 


spinous process. The skin was normal. There was 
no tenderness on palpation. The swelling was be- 
The Casoni 


neath the posterior lumbar aponeurosis. 


HYDATID CYSTS IN PARASPINAL MUSCLE COMPARTMENTS 


THEIR TENDENCY TO INVADE THE SPINAL CANAL 


By S. C. Fitzpatrick 


Hamilton, Victoria 


intradermal test was negative. At operation on 
24th May, 1938, a hydatid cyst containing daughter 
cysts was found within the erector spinae muscles, 
evacuated, and the cavity formalinized. The ad- 
ventitia merged with the periosteum of the laminae 
of the vertebrae. Healing was uneventful. There 
has been no recurrence in nineteen years. 


Case 2 


1943. E.W.H., a grazier, aged 64 years, gradually 
developed low backache and after several months, 
a swelling appeared on the left side of the spine. 
Five months after the onset of the pain, he was 
digging out rabbits when sudden intense pain struck 
him low in the back and legs. He crawled home 
a quarter of a mile on his hands and knees. He 
was referred to me for opinion only. On examina- 
tion, an ovoid swelling was palpable in the left 
lumbar muscles opposite the spines of the second, 
third and fourth vertebrae; and clinical sings of . 
spinal compression in the lower spinal segments 
were present. The Casoni intradermal test and the 
hydatid complement fixation test were strongly 
positive. Radiography (see Fig. 1) showed smooth 
pressure atrophy of the upper border of the left 
transverse process of the third lumbar vertebrae. A 
diagnosis of hydatid cyst of the left posterior lumbar 
muscle compartment with probable invasion of the 
spinal canal was made. Operation was carried out 
elsewhere. The surgeon reported that a hydatid cyst 
was removed, that the cyst extended to the vertebral 
laminae but that laminectomy was not carried out. 
Pain was temporarily relieved but returned and 
progressed. Three weeks later, pain extended to the 
shoulders and the right hand grip began to weaken. 
Urinary incontinence commenced. Two months after 
operation he was referred to me again. At this late 
stage it was explained to the patient that surgical 
treatment could offer alleviation but not cure. The 
patient asked for relief. Extensive decompressive 
laminectomy was carried out in three stages, cervical, 
dorsal and lumbar. Daughter cysts numbering fifty- 
five, cne hundred and eleven, and sixty respectively, 
were removed from the spinal canal. At each level, 
the spinal cord was compressed dorsally against the 
laminae, with the daughter cysts beneath the dura 
on the ventral and lateral aspects of the cord. A 
moderate degree of relief of pain resulted, but no 
return of function. The patient died three weeks 
later. At autopsy no cysts were found in the verte- 
brae or elsewhere in the body. The adventitia at the 
site of the primary cyst was attached to the lamina 
and to the atrophied left transverse process of the 
third lumbar vertebrae. Invasion of the spinal canal 
had apparently taken place through the third left 
intervertebral foramen (see Fig. II). 
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FIG. Il. Diagram of a transverse section of the 

lumbar spine to show the route of invasion of the 

spinal canal by a primary hydatid cyst in a 
paraspinal muscle compartment in Case 2. 


Case 3 

1944, G.V., a housewife, aged 52 years, com- 
plained of pain and tenderness in the right gluteal 
region which had lasted for five weeks, This sub- 
sided, but one year later the pain recurred and 
extended into the right thigh below the level of the 
great trochanter. A swelling appeared in the right 
side of the back, extending from the level of the 
third to the fifth lumbar spinous process. It was ovoid 
in shape, the long axis parallel with the spine, tense, 
elastic, immobile. The skin and subcutaneous tissues 
were normal and the lump was palpable beneath the 
posterior lumbar aponeurosis. There was no tender- 
ness and the range of spinal movements was normal. 
The Casoni intradermal test was strongly positive. 
Radiography revealed no bony abnormality. At 
operation on 19th April, 1944, a hydatid cyst was 
found in a strong fibrous adventitia within the sacro- 
spinalis muscle. Numerous daughter cysts were 
present; the adventitia merged into the periosteum 
of the right transverse processes and laminae of the 
fourth and fifth lumbar vertebrae and extended to 
the sacral insertion of the muscle. The cysts were 
completely evacuated, the cavity formalinized, then 
washed out with normal saline solution and closed 
without drainage. Healing was uneventful. No re- 
currence had occurred until her death at her own 
hands in 1946. 


Case 4 

1945. D.F., aged 18 years, a probationer nurse 
under the case of the late Dr. K. O'Donnell, pre- 
sented with a rounded tumour in the lumbar region 
of the abdomen. Full investigation of the kid- 
neys and bowel was negative. At operation on 
26th January, 1945, by Mr. John Kneebone, a 
hydatid cyst was removed from the left quadratus 
lumborum muscle at the level of the third and fourth 
lumbar vertebrae. Healing was uneventful. Nine 
months later she developed symptoms and signs of 
a low spinal compression. At consultation, Dr. 
O'Donnell and I considered that invasion of the 
spinal canal by a hydatid cyst was probable and I 
carried out a laminectomy three days after the onset 
of the pain. On the left side of the spinal cord 
within the arachnoid, a thin-walled semi-transparent 
cyst was found, containing three small daughter 
cysts, each four millimetres in diameter. The sac 
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was removed intact. Healing was straightforward 
and all symptoms and signs disappeared. The 
patient has remained free of symptoms for the past 
twelve years and has given birth to three children. 


Case 5 


1952. W.H., a housewife, aged 35 years, com- 
plained of attacks of pain in the right loin which 
lasted on an average of two weeks on and off for 
the previous ten years. The pain extended along 
the distribution of the right twelfth thoracic nerve 
and was increased by bending forward. Two weeks 
prior to examination a swelling had appeared below 
the outer third of the right twelfth rib. The swell- 
ing was cystic, tender on palpation and immobile. 
Radiography of the spine and the urinary tract was 
negative. The Casoni intradermal test was positive; 
blood examination showed no eosinophilia. At 
operation on 26th March, 1952, an infected hydatid 
cyst was found in the right quadratus lumborum 
muscle. It contained purulent debris and no 
daughter cysts. Evacuation of the cyst followed by 
lavage with normal saline solution and drainage 
were carried out and healing was complete six weeks 
after. No recurrence has appeared in five years. 


Case 6 


1954. T.J.K., aged 18 years, a grazier’s son, was 
found during a routine medical examination to have 
a painless ovoid swelling in the left erector spinae 
muscles opposite the spines of the sixth to the 
ninth dorsal vertebrae. The Casoni intradermal test 
was negative. Radiography of the spine was nega- 
tive. At operation on 9th March, 1954, a unilocular 
hydatid cyst was found in the erector spinae muscles. 
It contained no daughter cysts, the adventitia was 
adherent to the laminae in one area. The cyst was 
removed and healing was uninterrupted. No recur- 
rence has occurred to date. 


Discussion 


Hydatid cysts involving the spinal canal 
are uncommon and they present complex 
clinical problems. They may originate pri- 
marily within soft structures outside the verte- 
brae or within the vertebrae (intra-osseous) , 
or within the spinal canal. The first two 
types may secondarily invade the spinal canal 
and the last two types may secondarily invade 
the paraspinal soft structures. It is therefore 
inevitable that there will result a great many 
differences in the development of signs and 
symptoms, in rate of progress and in prog- 
nosis. In addition there is a paucity of detail 
in many of the recorded cases. For all these 
reasons it has been difficult to draw clinical 
pictures of the different types. The attempt 
is made in this study of 6 cases to show that 
there is a distinct clinical picture presented 
by a primary cyst which originates within a 
paraspinal muscle compartment and invades 
the spinal canal through the intervertebral 
foramen. 
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This clinical picture is quite different from 
that of the primary intra-osseous cyst of the 
vertebrae in regard to symptoms, rate of 
development and the possibility of cure by 
surgical means. 


The six cases described form a clinical 
zroup in which the primary cyst was within a 
paraspinal muscle compartment. All, except 
Case 4, presented clinically with a rounded 
swelling and pain in the back. This may be 
regarded as a first stage in which the cyst is 
still confined to the muscle compartment. 
Cases 1, 3, 5 and 6 were seen at this stage 
and successfully operated upon. The next 
clinical stage is the rapid onset of symptoms 
of pain, numbness and loss of power in the 
lower limbs, indicating invasion of the spinal 
canal through the intervertebral foramen and 
onset of spinal compression myelitis. Cases 
2 and 4 reached this stage. Case 2 was not 
fully understood early enough and _ the 
steadily ascending spinal paraplegia ended 
fatally. Case 4 was recognized early enough 
to allow of a cure by surgery. The delinea- 
tion of this clinical picture is important 
because of the possibility of cure in the early 
stage by surgical treatment. 


Anatomical structure is an important factor 
in determining the route of invasion of the 
spinal canal in these cases. The paraspinal 
muscle compartments are formed partly by 
vertebrae and partly by strong fibrous 
sheaths; only the openings through which 
nerves and blood vessels pass provide a means 
of direct spread for hydatid elements from 
the paraspinal muscles to the spinal canal. 
The encysted hydatids within these compart- 
ments at first increase in size cranially, caud- 
ally and towards the skin, and give rise to an 
ovoid swelling with its long axis parallel 
with the muscle fibres. Further increase in 
the size of the cyst is possible only by pres- 
sure atrophy of the muscle or by extension of 
the cyst through the intervertebral foramina. 


In Case 2, the only one on whom an 
autopsy examination was possible, the find- 
ings considered in conjunction with the radio- 
logical evidence, indicate that the spinal canal 
was invaded through the third left interverte- 
bral foramen (see Figs. I and II). 


Colman (1899) cites 33 cases of hydatid 
cysts involving the spinal canal. In those 
in which sufficient details were recorded, 8 
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originated primarily outside the spinal canal 
and of these, 4 originated within muscles of 
the back and autopsy showed they invaded 
the spinal canal through the intervertebral 
foramina. The rapidity of invasion of the 
spinal canal in this group is also of clinical 
importance and is in sharp contrast with the 
slowness of invasion by primary vertebral 
(intra-osseous) cysts. 


The clinical history of Case 2 indicates that 
spinal invasion occurred five months after the 
onset of the backache. In Case 4, spinal in- 
vasion occurred nine months after an opera- 
tion for a proved hydatid cyst in the left 
quadratus lumborum muscle compartment. 
In Colman’s series, the onset of invasion, in- 
dicated clinically by the onset of symptoms 
of spinal compression, occurred between nine 
months and thirty-six months after the onset 
of pain in the back. On the other hand, in- 
vasion of the spinal canal by the primary 
intra-osseous cyst as stated by Dew (1928) 
is extremely slow. From two to ten years 
may elapse after the original onset of pain. 
The possible explanation of this difference is 
that in the intra-osseous cyst, invasion occurs 
by the slow beading off of small daughter 
cysts into the spinal canal, with extremely 
little vis a tergo. In the primary intra- 
muscular cyst, however, there is a compara- 
tively larger cyst cavity which is under com- 
pression by the powerful erector spinae 
muscles during the frequent movements of 
the back. When the spinal canal is entered, 
the daughter cysts are forced into the spinal 
canal with considerable pressure. This 
serious episode is marked by the rapid 
clinical change in symptoms and signs. 


The sex incidence of 4 females to 2 males 
in this series, while not significant in such a 
small series is worthy of note. In Colman’s 
series of 8 primarily extra-spinal in origin, 
5 occurred in females and 3 in males. 


The experience gained in the management 
of Cases 1, 2 and 3 was the deciding factor 
which led to the early decision to carry out 
the urgent laminectomy on Case 4 with a 
satisfactory result. The study of the whole 
group indicates that there is a clear difference 
between the clinical course and prognosis of 
the primary hydatid cyst of the paraspinal 
muscular compartments and that of the pri- 
mary intra-osseous (vertebral) hydatid cyst. 
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It emphasizes the importance of early opera- 
tion while the cyst is still confined to the 
paraspinal muscle compartment and before 
the inevitable complication of invasion of the 
spinal canal has occurred. 


SUMMARY 


The case histories of 6 patients with pri- 
mary hydatid cysts in paraspinal muscle 
compartments are presented. In two, inva- 
sion of the spinal canal occurred; one was 
operated upon successfully. Hydatid cysts 
within such compartments always tend to 
extend through an intervertebral foramen 
and invade the spinal canal within twelve 
to thirty-six months. This is in sharp con- 
trast with the primary intra-osseous vertebral 


cyst which invades very slowly. The import- 
ance of early operation is emphasized. 
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f ig first significant study of nerves in 
tumours was by H. H. Young in 1897. 
xcluding growths of nerves, Young de- 
<-ribed nerve fibres and rami in 5 out of 
) tumours — 2 sarcomata (of bone) and 3 
ircinomata (2 scirrhus breast tumours and 
; squamous cell tumour of the cervix uteri). 
|e employed the then recently discovered 
1iethylene blue technique, still regarded as 
‘ne of the most elective nerve staining 
methods, and concluded that, in connective 
tissue tumours, nerve fibres are “an integral 
portion of the tumour substance” but that, 
in carcinomata, the nerves are incorporated 
portions of normal innervations. These two 
possibilities, although subsequently applied 
principally to epithelial growths, provide the 
foundations of modern controversy. 


Since then, enquiry has shown 3 main 
phases: first, naturally, there was neuro- 
logical investigation of spontaneous tumours, 
although publication of detailed studies has 
been infrequent (Hertzog, 1928; Itchikawa, 
1928: Ocertel and co-workers, 1929-37; 
Martynow, 1930; Ryrie, 1933). the 
second phase, experimental (tar painting) 
production of skin tumours in mammals en- 
abled the behaviour of cutaneous nerves to 
be investigated both during and after the 
induction of growths (Itchikawa, 1924-28; 
Cramer, 1925; Nakamoto, 1926; Julius, 1929; 
Lazzarini, 1930; Ludford, 1930). In the 
third, contemporary phase, the growth of 
nerves of chick embryos into implanted 
tumours has been studied (Bueker, 1948; 
Levi-Montalcini and Hamburger, 1951). 


Morphological enquiry has been accom- 
panied by experiments to investigate the pos- 
sible influence of the nerves on the growth 
and function of neoplastic cells. Results have 
been conflicting and are not dealt with here. 
A full bibliography of earlier work is given 
by Tavares (1932). 


The question of whether a malignant 
growth can be innervated was posed by 
Young’s original observations on the sarco- 
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mata. Speculations about functional sig- 
nificance (Mithlmann and_ Kurbanaliew, 
1933), however, are premature while the 
morphological position is still obscure. The 
main claims for the occurrence of an innerva- 
tion of neoplastic cells have been advanced 
by Itchikawa and co-workers (1924-28), 
Oertel and co-workers (1929-37), Martynow 
(1930) and Mithlmann and Kurbanaliew 
(1933). Oertel and co-workers alone of this 
group have produced cogent evidence of 
definite nerve ending upon cells of spon- 
taneous human neoplasms. In these descrip- 
tions, endings upon the protoplasmic surface 
are produced into fine intracellular fibrils 
which terminate on the nucleus. Although 
their documentary evidence is less striking, 
Mithlmann and Kurbanaliew reached similar 
conclusions. 


Though including some human tumours 
(skin, breast and colon), Itchikawa and co- 
workers studied mainly experimentally in- 
duced skin tumours in rabbits. In these, they 
(Itchikawa, Baum and Uwatoko, 1924) 
described new capillaries accompanied by 
sympathetic fibres in the tumour stroma cul- 
minating in investment and innervation of 
neoplastic cells. This work has not been 
generally accepted. It has been suspected, 
as appears from the discussion in Paris 
(Itchikawa et alii, 1924), that there was con- 
fusion of argentophil connective tissue fibres 
and nerve; though it should be stressed that 
the authors were aware of this possibility and 
at pains to establish the electivity of the 
staining methods (Itchikawa, Baum and 
Uwatoko, 1924). Doubtless the familiar tech- 
nical difficulty is a major source of scepticism 
(quite unjustified in Oertel’s work). 


Although of different scope, the work of 
Bueker (1948) and _ Levi-Montalcini and 
Hamburger (1951) points in the general 
direction of that of Itchikawa and Oertel. 
Bueker observed that innoculation of mouse 
sarcoma 180 into the lumbo-sacral region of 
chick embryos was accompanied by increased 
growth and differentiation of spinal ganglia 


of the region. Levi-Montalcini and Ham- 
burger (1951) demonstrated the penetration 
of the tumour by solitary and fasciculated 
nerve fibres. Nerve endings upon neoplastic 
cells have not been demonstrated but Bueker 
suggests that the implant induces differentia- 
tion in nervous tissue. 


Several workers, unable to discover evi- 
dence of tumour cell innervation, have op- 
posed claims in its favour. Most admit the 
presence of nerves but interpret them as 
residual and degenerate, or as regenerating 
fibrils from proximal stumps of partially 
degenerate nerves. Willis (1934, 1948) sug- 
gests that expanded nerve endings are re- 
traction bulbs or varicosities. 


Changes observed in most cases of skin 
tumours induced by tar painting (or purified 
carcinogens) are degeneration of cutaneous 
sensory nerves (Nakamoto, 1926; Ludford, 
1930; Lazzarini, 1930) followed by regene- 
ration from proximal nerve stumps (Ludford, 
1930; Lazzarini, 1930). Although fine fibrils, 
some with “growth cones” (Lazzarini, 1930), 
come into contact with neoplastic cells, 
neither author regards this as evidence of 
innervation. In later stages, Lazzarini de- 
scribed complete nerve degeneration begin- 
ning in the middle of the tumour. Nakamoto 
(1926) did not describe regeneration and 
regarded the tumour as forming in a dener- 
vated area of skin. 


Itchikawa’s observations differed from 
those of Nakamoto, Ludford and Lazzarini. 
Like them, he observed degeneration of 
sensory nerves but not regeneration from 
proximal stumps. The nerves he described 
were sympathetic fibres accompanying blood 
vessels. 


Ryrie (1933), in observations comparable 
with those of Ludford and Lazzarini, found 
that invasion by neoplastic cells was followed 
by regeneration. He observed fine fibres 
with “growth cones” and regarded them as 
growing from proximal nerve stumps. He 
concluded that there was no evidence for 
any significant innervation and that, like 
cicatricial tissue, the cells form an obstacle 
to growing fibrils. 


Apart from the complexities of histological 
analysis, other difficulties are introduced by 
uncertainties about the status of particular 
tumours. Tsunoda (1929), although forth- 
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right in assertion that nerves are absent from 
malignant growths, admits their presence in 
(unspecified) “benign” growths. There are 
instances of “tumours,” such as the carotid 
body tumour, in which well-developed nerve 
supply is part of the tissue organization 
(Willis and Birrell, 1955); obviously these 
should be segregated from true neoplasms. 


Ignoring difficulties from varied interpreta- 
tions, in view of the considerable discrepancy 
between observations, there is clearly room 
for further studies in simple morphology of 
any nerves in tumours. For this reason the 
present investigation was undertaken and was 
restricted to indubitable malignant growths. 


MATERIAL AND METHODS 


The specimens were all removed at opera- 
tion. Sample slices were fixed in 10 per cent. 
formalin, for not less than a month at room 
temperature or for five to six days at 50°C, 
embedded in paraffin wax and cut into serial 
sections between 10u and 25, thick. Some 
series of about 120 successive sections were 
obtained from favourable material. 


Nerve fibres were stained by the silver tech- 
nique described (Willis, 1954) with or with- 
out subsequent counter-staining by Ehrlich’s 
haematoxylin and picric acid. For routine 
diagnostic purposes, sections from _ each 
sample were stained in Ehrlich’s haematoxy- 
lin and eosin and by trichrome methods 
(Masson, Mallory). 


OBSERVATIONS 


The materials specially examined were: 
Carcinoma of colon (3) Cases 1-3 
Carcinoma of breast (12) Cases 4-15 
Carcinoma of skin (5) Cases 16-20 


The tumours were all relatively small. 
Those of the colon ranged from one to 2 
inches in diameter (as viewed from the 
mucosal aspect) and had invaded and re- 
placed part of the muscle wall but, though 
showing peritoneal nodules, had not pene- 
trated to the subperitoneal coat by direct 
spread. Secondary infection was present in 
some degree but was not a prominent feature. 
In all 3 cases the growth was an adenocarci- 
noma, though in one (Case 1) there was 
considerable diffuse growth. The tumours of 
the breast were small, discrete rounded masses 
ranging from }” to 1}” in diameters; the 
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3 FIG. I. Drawings of diagrammatized views of sections taken from Cases 2, 4 and 5, under low 
magnification : 


(a) Carcinoma of the breast (Case 4). The areas enclosed by broken lines are “neural’’ areas. The 


1 position of fascicles of nerve fibres, which are shown photographically in other figures, is indicated 
. in black. The stroma (pale grey) includes arteries and veins; clusters of neoplastic cells (patches 
2 of dark grey) are distributed irregularly throughout the section but are numerous along the line 
of the nerves. 
. Carcinoma of the breast (Case 5). (1) Two neural areas, in cross section, similar to those in (a). 
h (2) Nerve. in cross section, shown in Fig. XIV (c). (3) Nerve fascicle, with thickened ground 
Pp. substance and persistent nerve fibres (Fig. XIV [b]). (4) Nerve ramus of normal structure. 
ot 
Carcinoma of the colon (Case 2). A—outer muscle coat; C—inner muscle coat, and B—site of 
n Auerbach’s plexus between muscle Jayers. 1, 2 and 3—position of portions of Auerbach’s plexus. 
- 4 and 5—“neural” areas continuous with nerve fibres in residual portions of Auerbach’s plexus. 
l- 
s Carcinoma of the colon (Case 2). Portion of a “neural” area showing a fascicle of nerve fibres, 
some of which are ramifying amongst the neoplastic cells. 1—shows a preterminal expansion, 
f 2—from which fine fibres proceed. Some of these end in a argentophil beads and crescents, 3—upon 
S the surface of cells. The end bead — 3— jis connected to another upon the same cell by an 
extremely fine fibre. (Inset) Photomicrograph illustrating in part the preterminal expansions and 
e some of the fine fibres radiating from it shown in (d). The end bead — 3— is clearly visible but 


the cell on which it rests is out of focus. 
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observations recorded refer to the primary 
nodule and not to metastases. Histologically, 
they showed the degree of variation found in 
such growths but the greater part of the 
tumour, in each case, was a typical spheroidal 
cell growth of scirrhus type. The skin 
tumours were small, measuring from 4” to 1” 
in diameter and histologically were well- 
differentiated squamous types. In all cases 
the peripheral portion of the tumour was 
compared with adjacent tissues. 


Nerve elements of some form were demon- 
strable in all tumours but were dispersed 
sporadically in 2 types of distribution: 


(i) seattered through the tumour in small 
numbers when their discovery was a 
matter of chance, or 


(ii) in “neural areas” (Figs. Ia and b), 
consisting of comparatively small 
localized zones in which groups of 
separate nerve fibres were closely 
associated with neoplastic cells; they 
constituted a striking feature of some 
tumours. When near the periphery, 
fibres could be traced to identifiable 
nerves such as Auerbach’s plexus 
(Fig. Ic). 


Although precise anatomical identification 
could be made in a few instances, for 
example, Auerbach’s plexus in the colon and 
the dermal and sub-dermal plexuses, dis- 
organization of tissue and disturbance of 
tissue relations usually prevented such clear- 
cut recognition. The various nerve fibres may 
be classified according to their appearance. 


(1) Normal nerves 

These were of normal structure and, in 
addition to those mentioned above, included 
principally sympathetic fibres related to 
recognizable local plexuses or fibres accom- 
panying blood vessels or the ducts of the 
breast.. 


(2) Abnormal nerves 

These included nerve fascicles or rami in 
which some or all of the axons showed varia- 
tions in arrangement or form. There were 2 
main types of change: 


(a) Degeneration 

The known forms of recent axis cylinder de- 
generation such as fragmentation and granu- 
lation were rare but when more advanced 
degeneration in the form of disappearance 


or gross irregularity of axons was found. 
and the nerves or residues followed by seria! 
section, the earlier types of change could be 
discovered. 


(b) Hypertrophy and proliferation 

There was variation in calibre of fibres ur 
to gross and often irregular thickening, some. 
times with fenestration. A dichotomous 
branching was seen occasionally and col 
laterals were sometimes numerous; these 
were often very fine. Some fibres had club. 
shaped endings and bulbous extremities were 
common (Figs. Id and II); occasionally they 
— as beads which abutted on tumour 
cells. 


FIG. Il. Carcinoma of the colon (Case 1). A 
coarse fibre divides it into three branches; two, 
mainly in the plane of section, show preterminal 
and terminal swellings. Fine fibres are mainly 
out of focus. Composite photomicrograph. (x 1020) 


In a purely neurological analysis, the 
tumours may be divided into two groups: 


A. Examples which showed both degene- 
rate and hyperplastic nerves; 


B. in which only degenerative changes 
were seen. Specimens were investigated 
necessarily by samples so that a dis- 
tinction drawn between the groups is 
probably quite arbitrary. At the same 
time it appears to indicate a_pre- 
ponderance in some tumours of certain 
processes over those found in others of 
the same general type. 
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Carcinoma of colon 

The uninvaded tissue showed a structure 
f ganglia and connections of Auerbach’s 
plexus which, judged by Hill’s (1927) de- 
scriptions, was normal. At the tumour 
nargin it was possible to observe various 
legrees of change, becoming progressively 
nore obvious towards the depth of the 
srowth, which may reasonably be interpreted 
is being the stages of change accompanying 
involvement of Auerbach’s plexuses by the 
‘arcinoma. 


The distribution of the nerves was quite 
irregular and well defined “neural” areas 
were demonstrable. 


& 


FIG. III. Carcinoma of the colon. A nerve of 

Auerbach’s plexus included in the outer part of 

the tumour, one fibre showing gross thickening. 
(x 360) 


“Neural” areas 

In most sections of the tumours there were 
small patches where separate nerve fibres 
were found between the neoplastic cells and 
often in contact with them. These zones 
occupied only about 1/250th of the total area 
of the sections examined. Apart from these, 
nerve fibres were very infrequent and there 
were some tracts of sparse and irregular 
fibres joining portions of included nerves and 
plexus superficially and connecting with the 
neural areas in the deeper parts of the 
tumour. 


Normal nerves 

Round the periphery of the tumour, fibres 
of the submucous and intermuscular (Auer- 
bachs’) plexuses had a normal appearance. 
Similar nerves were apparent in the sub- 
serous zone. In the wall, the nerves consisted 
of fascicles of nerve fibres and individual 
fibres; ganglion cells occurred at intervals. 
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In the tumour itself there were fascicles 
and separate nerve fibres and, though most 
followed an erratic course and were in fre- 
quent contact with neoplastic cells, their 
appearance was normal. There were some 
medium fine and very fine nerve fibres in the 
neural areas. A few sympathetic nerves 
accompanied some of the blood vessels in 
the deep regions of the tumour. 


Abnormal nerves 

As the tumour invaded the wall there was 
some destruction of muscle fibres and incor- 
poration of the nerve plexuses. In these cases 
it was more easily demonstrated in the less 
well-differentiated growths (Cases 1 and 2). 
The proportion of the changes differed in the 
various cases but fell into the general groups 
described previously. 


FIG. IV. Carcinoma of the colon (Case 1). A 
large isolated ganglion cell lies amongst the 
tumour cells. (x 220) 


Degeneration 

Ganglion cells, included within the tumour, 
showed some degeneration which increased 
in degree with the depth of inclusion. The 
processes of some of these cells were reduced 
to stumps, the normally argentophil fibre-like 
extensions being apparently absent. The 
axons passing from these ganglia appeared 
fewer than normal and showed considerable 
variation in calibre (Fig. III). 


Ganglion cells lying deeply rarely showed 
visible processes and the cell bodies appeared 
as a few irregular masses of protoplasm 
sometimes retaining the characteristic large 
nucleus. There was no clear evidence of 
granulation or fragmentation of the few sur- 
viving fibres but irregular patches and chains 
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of argentophil granules found near degene- 
rating muscle fibres may have been derived 
from nerve fibres. 


FIG. V. (a) and (b) are successive sections of the 

ganglion cells shown in Fig. IV. The fibrils giving 

rise to a nerve plexus within the tumour are well 
shown. (x 520) 


Hypertrophy and proliferation 
Many of the nerve fibres branched by 


equal binary division or by the formation of 
fine collaterals. The processes of an included 
ganglion cell showed fibrillation (Figs. IV, 
Va and b) and these divided close to the 
main cell body contributing medium fine 
fibres to the adjacent tissue. Many of the 
finest nerve fibres arose as outgrowths from 
irregular swellings near the extremities of 
larger separate fibres (Fig. VI). 


Some fibres ended in conspicuous round 
swellings which resemble “retraction bulbs” 
(Figs. VII and VIII). The occurrence of 
terminal swellings was a feature of most 
neural areas. That these were due to actual 


active growth was suggested by examples 
where there was a coarse fibre dividing into 
several branches showing a number of ir- 
regular swellings (Fig. Il). Some fibres 
formed a swelling from which numbers of 
nerve fibres were continued (Figs. II, VII 
and VIII). These pre-terminal swellings with 
their fine branches were often found where 
terminal swellings were common. 


Carcinoma of the colon (Case 2). A 
Shows a large varicosity from 
(x 160) 


FIG. VI. 
coarse nerve fibre. 
which branches arise. 


* 
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FIG. VII. Carcinoma of the colon. Portion of 

a “neural” area of Case 1, showing coarse nerve 

fibres amongst the tumour cell. A _ preterminal 

swelling which gives two fine fibres which end 
in round expansions. (x 1000) 


Occasionally a small fine collateral fibre 
ended as a bead upon a surface of a tumour 
cell. Fine outgrowths from nerves, ending in 
beads or rings upon the surface of adjacent 
tumour cells was found particularly in ana- 
plastic tumours (Fig. IX). Some of the 
beads showed a further outgrowth of ex- 
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tremely delicate fibres and it should be noted 
that if the connection between the beads did 


1ot happen to be demonstrable in the section, 


‘he appearance of an intracellular fibre, pene- 


rating to a nuclear membrane, might be pro- 


duced. Such were described by Oertel (1929) 


s a feature of structures which he regarded 
s nerve endings upon neoplastic cells. In 
ne case two beads, one at the extremity of 

very short and fine collateral, had been 
ormed upon the surface of a cell (Fig. IX). 
n this instance no cross connection between 
ie beads was observed. 
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present and many of these were in contact 
with or closely related to neoplastic cells. 
The arrangement of tumour cells within the 
areas was characteristic and has been de- 
scribed frequently by many writers. Each 
area was surrounded by a continuous and 
often thick layer of stroma. 


FIG. IX. Carcinoma of the colon. A fine nerve 
fibre has a small argentophil bead upon the surface 
of a tumour cell and another at the extremity of a 
short collateral. Inset shows the features at 
higher magnification. (x 960; Inset, x 2000) 


FIG. VIII. Part of section next to that shown in 
Fig. VII. The relatively coarse nerve fibres end 
in round expansions which resemble “retraction 

bulbs.” (x 960) 


Carcinoma of the breast 

The number and extent of nerves varied 
greatly in different tumours. In some 
examples (Cases 4-5) nerves were numerous; 
in others (Cases 6-8) they were few, and in 
the remainder (Cases 9-15), except at their 
periphery, they were very few or apparently 
absent. It is unlikely that the apparent 
absence of nerves in the last cases is the 
result of staining difficulties since, in each 
sample used, tissue surrounding the tumour 
showed well stained nerves. 


These could be seen, in some sections, to 
enter the tumour and, where nerves were 
found, to be continuous within these areas. 


“Neural” areas 

The specimens showing well-defined nerves 
were distinguished from the others by the 
occurrence of sharply defined areas in which 
nerve fascicles and separate nerve fibres were 


FIG. X. Carcinoma of the breast. Portion of a 
nerve fascicle showing fibres of various calibres. 
(x 380) 


The neural areas were round or ovoid on 
section and were sometimes found near large 
blood vessels. Reconstruction by serial sec- 
tions showed that the neural areas extended 
through the tumour in a cylindrical branching 
manner, indicating that the round or ovoid 
areas referred to were probably cross sections 
of nerves extensively invaded and displaced 
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by neoplastic cells. A perineurium could 
not be distinguished, although this may have 
merged with the surrounding stroma as in 
some indubitable but uninvaded nerves. 
Small blood vessels observed in the stroma 
surrounding some neural areas resembled 
perineural blood vessels. 


FIG. XI. 


Carcinoma of the 


(a) Transverse section of a nerve ramus showing numerous nerve fibres. 


indicated that few if any of the axons of the 
nerves entering the growth had a normal 
longitudinal course for any distance. An 
altered appearance of the fascicle was pro- 
duced by the intermingling of numerous 
sinuous or co-branching nerve fibres. Ryrie 
(1933) described somewhat similar nerves 


breast (Case 5). 


(b) Longitudinal section of sympathetic ramus showing considerable reduction in axons. 


(ec) Continuation of the nerve ramus shown in (a). 
there is considerable increase in the fibrous ground substances. 


Normal nerves 

Some of the nerves had a normal ana- 
tomical relation, as sympathetic fibres, ac- 
companying blood vessels and milk ducts in 
the stroma of the tumour. Fascicles of nerve 
fibres occurred in sinuous forms between 
groups of neoplastic cells, but when they 
were followed, either in the plane of section 
or in serial section, they rapidly showed 
significant change. In localized regions of 
neural areas, fascicles, either singly or in 
small groups, were progressively reduced and 
finally disappeared by the repeated separa- 
tion of nerve fibres. 


Abnormal nerves 

Even in the nerves in which there was no 
demonstrable infiltration by neoplastic cells, 
remarkable abnormalities of axon structure 
were evident. Observation of the tumours 


Axons have almost completely disappeared and 
(x 110) 


but his illustrations suggested that fewer 
fibres were visible than were found in the 
neural areas in the present cases. 


Degeneration 


Thickening of the nerves in the tumour, as 
described by Ryrie (1933), was a common 
phenomenon (Fig. X). In some parts they 
consisted of dense masses of nerve fibres in 
a thick ground substance in which the fibres 
were embedded (Fig. Xla) but, as the nerves 
were followed, the number of fibres di- 
minished (Fig XIb) and the homogeneous 
ground substance became more obstructive 
and coarsely fibrous (Fig. XIc). 


Within the neural areas the nerve fibres 
appeared homogeneous with silver stains and 
there was no evidence of fragmentation or 
granulation. The axis cylinders were often 
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thick with angular corrugation of the sur- 
wce (Fig. XII). Here they sometimes had 
en irregular moniliform appearance. 


FIG. XII. Carcinoma of the breast (Case 4). A 
fascicle from a neural area showing axons of 
various calibres and with angular irregularities. 
There is some branching of the fine fibres. (x 760) 


FIG. XIII. Carcinoma of the breast (Case 5). 
Longitudinal section of a nerve fascicle showing 
a large coarse axon in which there is fenestration 
and an irregular outgrowth near its extremity. 
(x 380) 


Oustide the neural areas, nerves containing 
one or several large axis cylinders were seen. 
[hese showed extraordinary variations in 
diameter and sometimes fenestration (Fig. 
XIII). Irregular lateral outgrowths occurred 
(Fig. XIV) but these were clearly inhibited 
ind it might be better to describe these fibres 
as “sterile” or “agonal” (Cajal, 1928) than 
as degenerate. 


The gradual disappearance of fibres from 
any of the nerves and neural areas was, to- 
zether with the absence of nerves from many 
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of the tumours, clear evidence of degenera- 
tive changes in the nerves. It is noteworthy 
that the tumours which showed the smallest 
number of nerve fibres were those with the 
longer histories, showing dense fibrosis of 
the stroma and, in general, a relatively small 
number of carcinoma cells and, furthermore, 
were those in which various kinds of tissue 
degeneration (often due to vascular disturb- 
ance) had taken place. 


FIG. XIV. Transverse section of a nerve fascicle 

(Case 5), showing 2 tufts of short filamentous 

outgrowths from the side of a large, thickened 
axon. (x 440) 


FIG. XV. Carcinoma of the breast (Case 4). Part 

of a neural area in which there is a single con- 

spicuous fibre which shows dichotomous branches. 
(x 90) 


Hypertrophy and proliferation 

Fascicles of nerve fibres ran in a sinuous 
manner and showed erratic reversals of 
direction. Some fascicles were composed of 
uniform fine or medium nerve fibres but 
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others showed fibres of various calibre rang- 
ing from very fine to thick. In many the 
fibres were extremely numerous, an increase 
being due to the development of fine collateral 
branches. 


FIG. XVI. Carcinoma of the breast. Part of an 
irregular nerve fibre plexus which is here investing 
two clust of plastic cells. (x 960) 


These branches left the fascicle and some- 
times underwent a repeated symmetrical 
dichotomy (Fig. XV), so that the various 
branches become closely associated with 
tumour cells, sometimes forming a loose 
plexus round a cluster (Fig. XVI). 


FIG. XVII. Carcinoma of the breast (Case 4). 

From a neural area of the tumour. A long nerve 

fibre ends in a bulbous extremity which lies 
amongst the tumour cells. (x 1020) 


The fine fibres ended as small argentophil 
beads upon the surface of neoplastic cells 
and sometimes, as noted in the tumours of 


the colon, near such an end bulb a short 
delicate collateral formed a small bead upon 
the surface of a nearby cell. Some of the 
fibres ended near tumour cells as smal! 
terminal swellings (Fig. XVII) and, if cor- 
rectly regarded as “retraction bulbs,” these 
were part of a degenerative process. 


FIG. XVIII. Carcinoma of the breast (Case 5). 
A large axon gives an extremely fine collateral 


which thickens progressively to a _ club-shaped 
extremity lying in the stroma. (x 1260) 


Diverging fibres were usually fine and 
appeared to end in the stroma without com- 
ing into relation with neoplastic cells but 
sometimes the fibre thickened progressively 
towards its extremity and ended freely in a 


club-shaped expansion (Figs. XVIII and 
XIX) which was usually in close proximity 
to tumour cells. 


Carcinoma of the skin 


The sections of the squamous cell tumours 
were made vertically and included adjacent 
portions of normal skin, thus allowing study 
of the relation of some of the tumour nerves 
to the normal cutaneous innervation. In the 
normal skin follicular branches of the dermal 
plexuses and branches to the hair follicles 
penetrated the fibrous sheath usually at the 
level of the sebaceous glands and formed a 
characteristic plexus of crossing longitudinal 
circular nerve fibres over the outer root 
sheath. This innervation of follicles was 
characteristic and was found in all the cases. 


Nerves were found in tumours (Cases 
16-20) to consist of (i) sympathetic nerves 
accompanying blood vessels, (ii) branches of 
the dermal plexus, (iii) some fibres connected 
to (ii) and, last, (iv) a few small fascicles 
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a eas mentioned previously. 


FIG. XIX. Carcinoma of the breast (Case 5). 
Composite photomicrograph showing some of the 
branches and irregular varicosities of a single 
nerve fibre. One of the fine branches ends as an 
irregularly thickened extremity. (x 1440) 


Normal nerves 


Many of the nerves were essentially similar 
in form to those of the surrounding skin but, 
usually after penetration of the tumour for 
a short distance, they showed considerable 
variation. 


FIG. XX. Carcinoma of the skin (Case 17). A 
solitary nerve fibre passes through the tumour and 
shows irregular thickening along its course. (x 380) 


Abnormal nerves 


Changes in the nerves, when approaching 
tre periphery of the tumour, were frequently 
seen in the form of variation in fibre size, 
some being abnormally thick; not only were 
there gross differences in different fibres but 
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‘ These fibres occurred 
i. the connective tissue between the columns 
co’ tumour cells and, where well defined, 
aparently corresponded to the “neural” 
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also irregularities in the same fibre; lateral 
excrescences, as seen in the breast tumours, 
were not observed. 


FIG. XXI. Carcinoma of the skin showing fine 
nerve branches passing through the tumour; these 
arose from the fibre shown in Fig. XX. (x 160) 


Another view 
(x 160) 


FIG. XXII. Carcinoma of the skin. 
of the nerve fibres shown in Fig. XXI. 


Degeneration 

As the fibres penetrated the tumour, varia- 
tion in calibre became conspicuous (Fig. 
XX). The fibres ended irregularly in close 
relation to tumour cells and the endings 
showed granulation and irregular fragmenta- 
tion. End results of the degeneration were 
indicated by disappearance of fibres. This 
was sometimes seen in nerves entering the 
tumour as a progressive diminution of the 
number of fibres in the fascicle. The degree 
of change varied in different cases and was 
virtually complete in Cases 16 and 17, since 
nerve fibres were almost absent. 
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Hypertrophy and proliferation 


Fine collateral branches were present in 
some of the tumours, the branch often run- 
ning parallel with the main fibre (Figs. XXI 
and XXII). In addition, further branching 
was visible near the surface of the tumour— 
the farthest point to which fibres could be 
traced. Fibres of this kind were not observed 
in the surrounding normal skin. 


Discussion 


Despite over sixty years of effort the 
relation between nerves and tumours is still 
controversial. The general attitude is con- 
servative, acknowledging the occurrence of 
the nerves in tumours but regarding them as 
a remnant of an original innervation. The 
observed occurrence of well defined nerves, 
in various forms, in 10 out of 20 spontaneous 
tumours examined is in conformity with pre- 
vious work. 


The controversy has been mainly about the 
origin of the nerves, their relation to tumour 
growth and particularly the significance of 
the occasionally observed endings of nerve 
fibres upon neoplastic cells. 


That nerves in tumours are residual and 
degenerating portions of normal innervation 
is indicated by several observations: (i) the 
connection of degenerating ganglia of Auer- 
bach’s plexus in the carcinoma of the colon 
with normal ganglia occurring outside the 
tumour, (ii) the continuity of some degene- 
rating nerve fibres in skin tumours with 
ascending branches of the dermal plexus, (iii) 
the invasion of nerve fascicles, particularly 
in carcinoma of the breast and (iv) the in- 
clusion of blood vessels accompanied by 
sympathetic nerve fibres in some tumours. 


In the present material there is but little 
evidence of extensive active degeneration of 
nerve fibres in the form of granulation or 
fragmentation. Some granulation was ob- 
served at the extremities of nerve fibres in 
the skin tumours and the structure of some 
nerves in breast tumours suggests the occur- 
rence of slow degeneration in a proximal 
direction. In the colon, degeneration of in- 
cluded ganglion cells would mean complete 
disappearance of their axon fibres. There is, 
indeed, a reduction in the number of fibres 
but the surviving ones are presumably to be 


explained by Hill’s (1927) observations on 
the normal plexuses and presumably come 
from outside the tumour. 


The structure of the “neural” areas of the 
colon and breast tumours particularly and. 
to a lesser extent, those of the skin is no: 
explicable solely by degeneration or passiv:: 
displacement. The formation of new fibre: 
in ‘neural” areas is indicated by: (i) the 
extensive dichotomous branching of nerve 
fibres from which fine collateral fibres pas: 
to clusters of neoplastic cells, (ii) the partia. 
investment of such cell clusters by nerve 
fibres in the form of a plexus and (iii) the 
formation of fine nerve fibre collaterals which 
end as beads upon neoplastic cells. These 
are to be observed especially in the case o: 


the breast but in carcinoma of the colon: 


equally important evidence is provided by 
fine fibres apparently formed by multiple 
outgrowths from varicosities or as collaterals 
also the observed endings of some of thes: 
fine fibres are as small beads upon the sur- 
face of tumour cells. 


As previously stated, evidence of nerve 
fibre proliferation in spontaneous tumours 
has been advanced by several earlier workers 
(Ludford, 1930; Lazzarini, 1930; Ryrie. 
1933; Oertel, 1929; Itchikawa, 1928). The 
origin of the fibres and the significance of 
their endings have been interpreted in two 
ways. Ryrie, Lazzarini and Ludford con- 
sidered that the new fibres are formed from 
partly degenerated nerves by regeneration, 
and endings upon tumour cells are to be 
regarded as the result of accidental encounter. 
On the other hand Oertel and Itchikawa have 
concluded that the new fibres are formed by 
an extension of normal innervation and form 
an organic part of the tumour structure 
— “innervates” some of the neoplastic 
cells. 


The difficulty of applying the Ludford- 
Ryrie hypothesis is that the arrangement of 
the fine fibres with their dichotomous branch- 
ing seems much too organized an_inter- 
relation to be reasonably regarded entirely 
as an accidental encounter between regene- 
rating fibres and cells; furthermore, the 
occurrence of outgrowths from end beads— 
the new fibre ending as a further bead on 
another cell or nucleus — is reminiscent of 
the process of nerve regeneration recently 


described (Hoffman, 1951). If the end 
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veads, whatever their precise genesis, should 
ve comparable with normal functional nerve 
ndings it is possible for their formation to 
1e followed by fibre hypertrophy and fascicu- 
ation (Weiss, 1950; Levi-Montalcini and 
lamburger, 1951). 


The difficulty of acceptance of the Oertel- 
tchikawa view, however, is that little or 
iothing is known of normal “innervation” 
if most cells in the body so that the claim for 
‘innervation” for tumour cells is something 
vithout precedent, that is to say, it demands 
. new concept rather than an adaptation of 
ome process already known. For this 
eason, in this form, it must be suspect. On 
he other hand there is clear evidence of an 
»rganoid development of nerve tissue in these 
‘ircumstances. 


It is thus apparent that we have a com- 
plicated series of phenomena in the nerves of 
tumours: a series of degeneration phenomena 
ind, superimposed on these, sometimes closely 
related but sometimes quite independent of 
them, various complex proliferations. It is 
clear in some cases that these new fibres also 
in their turn undergo degeneration. For 
these reasons many different appearances 
are to be encountered in tumours and this 
elucidates, in part, the discrepancies between 
different accounts of them. 


In cases where degeneration predominates, 
little or no evidence of regeneration may be 
found and, indeed, as happened in some of 
the cases in this series, there is the extreme 
example (in that part of the tissue examined) 
of almost complete absence of all nerves. In 
other cases, particularly in some parts de- 
scribed here as “neural areas,” proliferation 
is a striking feature. It is thus apparent that 
the whole question of innervation must be 
regarded as a dynamic process in which pro- 
gressive and retrogressive changes are inter- 
mingled. 


It is undesirable, in the present state of our 
knowledge, to attempt to apply indefensible 
physiological interpretations to our observa- 
tions, but also it is eminently and equally 
undesirable that we should use them to cast 
doubt on indisputable morphological demon- 
strations such as were so beautifully illus- 
trated by Oertel. 


NERVES IN TUMOURS 


SUMMARY 


The study of nerves in tumours has passed 
through various stages: simple histological 
investigation of the nerves found in naturally 
occurring growths, observation of the be- 
haviour of nerves in experimentally produced 
neoplasms and, most recently, the study of 
the growth of nerves of the chick embryo into 
transplanted tumours. 


Opinions regarding the nature and role of 
such nerves range from, on the one hand, 
acceptance of their presence but merely as 
invaded and degenerate structures to, on the 
other, the view that there is an actual active 
innervation of the new tumour cells. In the 
light of this wide divergence, this question 
was examined again. 


Observation of a series of cases shows that 
both degeneration and proliferation of nerve 
fibres occur. Growth may develop from 
partially degenerate nerves and these, in turn, 
may also degenerate. These various processes 
can be disentangled. 


Degenerative changes in these nerves are 
usually easily demonstrated and correspond 
in all respects with the changes described as 
occurring in injured nerves by Cajal; pro- 
liferative and regenerative changes of a 
non-specific type occur from both “normal” 
and partially degenerated nerves and are 
essentially similar to those observed else- 
where. 


The proliferative changes may be inter- 
preted as simple regenerative hyperplasia. In 
the absence of evidence of normal “innerva- 
tion” of many parenchymal cells, it is sug- 
gested that the clear-cut observations of nerve 
proliferation and of nerve “endings” on 
tumour cells are the result of stimuli causing 
regeneration and growth and are not neces- 
sarily an indication of any specific innerva- 
tion. At the same time, they are an integral 
part of that complex organized tissue activity 
which constitutes a neoplasm. 
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NFECTIOUS mononucleosis is not always 
a benign condition. Death may occur 
fiom pneumonia, haemorrhage from deep 
u ceration of the tonsil, hepatitis, and above 
al from rupture of the spleen. This rupture 
nay be spontaneous or be produced by the 
n ost trivial trauma, such as palpation of the 
a: domen. 


A total of 46 cases of rupture of the spleen 
in infectious mononucleosis have been re- 
ported so far. Most of these have been pre- 
cipitated by mild trauma, but about 40 per 
cent. have apparently been spontaneous. In- 
fectious mononucleosis has been shown to be 
second only to malaria as a cause of spon- 
taneous splenic haemorrhage. Up till now 19 
cases of spontaneous rupture have been re- 
ported in the literature, mostly from America. 
One case has been reported in Australia by 
Melville in 1955. 


The mortality of spontaneous splenic rup- 
ture in infectious mononucleosis is 30 per 
cent. — a frightening figure. In most fatal 
cases reported it is clear that death would not 
have occurred had the diagnosis been made 
or even suspected. It is the lack of awareness 
of this serious complication during the course 
of this “benign” disease which contributes 
most to its mortality. 


Splenic rupture hardly ever occurs before 
the end of the second week (see Table 1). 
This is apparently because it is not until 
then that such infiltration of the capsule, 
trabeculae and pulp with mononuclear cells, 
polymorphs and red cells have so enlarged 
and softened the organ as to set the stage for 
rupture. The histological picture is typical, 
and descriptions in all cases are fairly uni- 
form. The main details may be classified as 
f llows: 


(1) Infiltration of the capsule and _ tra- 
beculae with lymphocytes and large 
mononuclear cells. 


SPONTANEOUS RUPTURE OF THE SPLEEN IN INFECTIOUS 
MONONUCLEOSIS 


By J. L. ConNELL AND SHEILA CLIFTON 


St. Vincent’s Hospital, Melbourne 


(2) The splenic pulp is increased in bulk 
and the architectural pattern is 
blurred. The blood sinuses contain 
clumps of mononuclear cells and the 
sinus endothelial cells are greatly 
swollen. Follicles are fewer than nor- 
mal, are generally small and usually 
lack germinal centres. The follicular 
margins are poorly defined, and the 
progressive hyperplasia of the pulp 
tends to obliterate some of the follicles 
completely. 


(3) Small arteries of the spleen are en- 
sheathed by normal and abnormal 
lymphocytes which completely sepa- 
rate these from the surrounding tra- 
becular substance. 


Pathological changes occurring in spleens 
removed surgically following rupture in in- 
fectious mononucleosis have been described 
by Atlee (1932), Darley et alii (1944), King 
(1941), Davis et alii (1945), Vaughan et alii 
(1946), Smith and Custer (1946), Melville 
(1955), Gipson et alii (1956). 


Spontaneous rupture of the spleen can be 
produced after the second week by the most 
trivial strains — reports in the literature in- 
clude: 


(1) Getting out of bed. 

(2) Straining at stool. 

(3) Palpating the abdomen. 
(4) Retching. 


Case REPorRT 


J.G., a male aged 37, was admitted to St. Vincent’s 
Hospital on 4th October, 1956, with the following 
history. For eight weeks previously he had suffered 
from vague ill health characterized by intermittent 
attacks of malaise, generalized aches and pains, 
chills and a sore throat. He had been put to bed 
on two occasions, each time for a few days, by his 
local doctor, but apart from that was able to carry 
on his work as a traveller. Three days before his 
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admission to hospital he had noticed some enlarge- 
ment of the glands in his neck. At this time a 
blood examination revealed a white cell count of 
19,000 cells per cubic millimetre — Neutrophils 33 
per cent., lymphocytes 58 per cent. and monocytes 
9 per cent. The Paul-Bunnell test was positive. 


On the next evening he suffered from an attack of 
vomiting; shortly after this he complained of epi- 
gastric pain, which was accentuated by deep in- 
spiration. He also became shocked, but apparently 
recovered quickly. On the following day his 
temperature was 100.4 and he was still complaining 
of pain in the upper abdomen. Pain was now also 
felt at the tip of the left shoulder. There was diffuse 
abdominal tenderness, maximal under the left costal 
margin. Pressure at this site provoked muscular 
resistence and produced pain over the left shoulder 


tip. 


On admission to hospital the clinical picture was 
essentially unchanged. He was a young man with 
a flushed face, lying comfortably in bed. However, 
he resented movement, coughing and deep inspiration 
as it produced pain under the left costal margin. 
Temperature was 101.6, pulse rate 116 per minute, 
and blood pressure 140/95 mm. of mercury. A few 
small glands could be felt in each posterior triangle 


FIG. I. 


TABLE 1* 


X-ray of chest showing elevation of left 
leaf of diaphragm. 


Author 


Pre-operative 
Diagnosis 


Outcome 


Post-operative 
Complications 


Duration of 
Symptoms before 
Rupture (in days) 


Smith and Custer 


Case 7 


Not Made 


King Doubtful Recovery 
Zeigler Made Death 

Darley et alii Made Recovery 
Davis et alii Made Recovery 


Case 1 Not Made Death after 
Operation 
Case 2 Made Recovery 
Case 3 Not Made Death 
Case 4 Made Recovery 
Case 5 Made Recovery 
Case 6 Not Made Death after 
Operation 


Death 


Vaughan et alii Not Made Recovery 
Spence Not Made Recovery 
Timmes et alii 
Case 1 Not Made Recovery 
Case 2 Made Recovery 
Melville Made Recovery 


None 
Death 
None 


None 


Pneumonia and 
Pulmonary 
Embolism 


None 

Death 

None 
Pneumonia 


Pulmonary 
Embolism 


Death 
? Pneumonia 


Pleural Effusion 


None 
None 


None 


17 
Doubtful 
15 
15 


21 

15 
Doubtful 

18 
Doubtful 


30 

14 

30 
Doubtful 


30 
7 


21 


*Most of this table has been taken from Timmes, Averill and Metcalffe (1948). 
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ff the neck and in each axilla. Heart and lungs 
vere clinically normal. The abdomen was rather 
listended in its upper half, and there was marked 
enderness and resistance under the left costal 
nargin. It was impossible, however, to feel a mass. 
nereased dullness over the splenic area and in the 
ft flank was evident. Elevation of the foot of the 
ed produced left shoulder-tip pain. Rectal exami- 
ation revealed mild tenderness over the pelvic 
veritoneum. 


FIG. Il. Plain X-ray of abdomen’ showing 
enlarged splenic shadow and displacement down- 
wards of the colon. 


It seemed that this was most likely a case of 
spontaneous splenic rupture during infectious mono- 
aucleosis. The diagnosis was confirmed by X-rays 
which revealed: 


(1) A very large splenic shadow. 
(2) Raising the left leaf of the diaphragm. 


(3) Displacement of the stomach downwards and 
to the right. (See Figs. I, II and III.) 


FIG. III. Barium meal revealing enlarged splenic 
shadow and downward and possible medial dis- 
placement of stomach. 


Blood was taken for special investigations and 
then he was operated upon. A large perisplenic 
haematoma was found surrounding a ruptured spleen 
with a large subcapsular haematoma (see Fig. IV). 
There was some blood clot lying scattered in the 
peritoneal cavity, particularly in the pelvis, but little 
fluid blood. Splenectomy was performed without 
difficulty. 
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The results of the special investigations done were 
as follows: 
(1) Paul-Bunnell test 
Positive 1: 16. 


(2) Blood examination 


White cell count __ 20,000 
Neutrophils 29 per cent. 


- 


Lymphocytes _. _. 77 per cent. 


“Many atypical lymphocytes are present. The 
picture is typical of infectious mononucleosis.” 


— 


FIG. IV. The spleen showing a large subcapsular 
haematoma which had burst through the capsule. 


FIG. V. Photomicrograph showing oedema and 
loosening of the capsular framework and _infil- 
tration with mononuclear cells. 


The immediate post-operative convalescence was 
uneventful and he was discharged from hispital on 
12th October. Unfortunately he returned six days 
later with a mechanical small bowel obstruction. 
This failed to respond to conservative management 
and a kink in the upper jejunum had to be relieved 
by operation on 21st October. After this he pro- 
gressed favourably and was finally discharged home 
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on 30th October. He has remained well ever since. 
A Paul-Bunnell test done on the day he was dis- 
charged was negative. 


Pathological report on the spleen 

Macroscopic appearance. The _ spleen 
weighed 600 gms. There was a large haema- 
toma which was partly confined within the 
capsule but had over a wide area ruptured 
through it. The splenic pulp was soft, friable 
and dark red in colour. 


Photomicrograph of a blood vessel show- 
of the lumen 


FIG. VI. 
ing intimal infiltration and lining 
with mononuclear cells. 


Histopathology. The capsule shows changes 
varying from oedema up to intense infiltra- 
tion with mononuclear cells. In some areas 
the increase in cells is so great that it is 
almost impossible to identify the underlying 
capsular framework. The trabeculae are 
heavily infiltrated with mononuclear cells 
and there is loosening and fraying of their 
structure. The architecture of the splenic 
pulp is masked by the great number of mono- 
nuclear cells present. The sinuses are difficult 
to identify as they too are filled with similar 
cells. Owing to the increased cellularity of 
the pulp the follicles are widely separated 
and their margins are ill-defined. The 
changes in the blood vessels are most striking 
in this case. The intima is infiltrated with 
mononuclear cells and in some _ instances 
similar cells are seen forming the inner lining 
of the vessel. These changes are shown in 
Figs. V, VI and VII. 


It seems that to be aware of the possibility 
of spontaneous rupture of the spleen in in- 
fectious mononucleosis is to make the diag- 
nosis. The case here reported was seen in 
consultation before hospitalization by Dr. 


M. V. Clarke. It was he who first suggested 


the diagnosis. The main clinical features of 
these cases can be listed as follows: 


(a) There is usually a history of two or 
more weeks of vague ill health fea- 
tured by malaise, fever, sore throat, 
rash, etc. Quite often the illness is 
undiagnosed as_ infectious mono- 
nucleosis. 


On examination there may be glands 
to feel, but quite often, in reported 
cases, these have been small and shotty 
and not outside the limits of normal. 


There is clinical evidence of splenic 
enlargement. 


In such a patient the sudden onset of 
upper abdominal pain should lead to 
urgent investigation. There may be 
pain in the lower chest and pain in 
the left shoulder tip. 


FIG. VII. A high-power view of Fig. VI. 

This pain may be accompanied by the signs 
of internal haemorrhage, but it is surprising 
how often this picture is missing. It seems 
that in most cases the rupture is slowly pro- 
gressive. A subcapsular or intracapsular 
haematoma occurs first. Then there is a rent 
in the capsule and usually, for a time, a 
pericapsular haematoma with a minimal leak 
into the general peritoneal cavity. If one is 
to wait for signs of gross blood loss, very 
often one is to make the diagnosis too late. 


(e) Tenderness in the abdomen, _par- 
ticularly in the upper half is constant. 


(f) Having suspected the diagnosis it 
seems always possible to demonstrate 
increase in the area of splenic dull- 
ness. The spleen and its haematoma 


(b) 
|. 
| 
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may well be palpable, but it is wise 
to rely on other signs to confirm en- 
largement. 


Enlargement of the spleen can be con- 
firmed by X-ray as has often been 
pointed out before. It seems that the 
value of X-ray examination is not 
fully realized in the diagnosis of these 
cases. The typical X-ray findings are: 
(1) Enlarged splenic shadow or 
area of density in the left 
upper quadrant. 
(2) Displacement of stomach down- 
wards and to the left. 
(3) Upward displacement of the 
left leaf of the diaphragm. 


(4) Displacement downwards of 
the splenic flexure. 
Rectal tenderness is a very valuable 
confirmatory sign when you suspect 
intraperitoneal bleeding. It takes very 
little bleeding for blood to collect in 
the pelvis and it is a reliable sign. 


(i) Confirmatory serological tests. 


If awareness of the condition exists and a 
careful review of all suspicious cases is 
undertaken along the lines indicated above, 
few cases will be missed. If early diagnosis 
is made the mortality rate should be cut to 
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a fraction of its present figure. Infectious 
mononucleosis is a disease to be treated with 
respect and at least demands confinement to 
bed, no unnecessary palpation of the ab- 
domen and careful observation. 
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the general literature of this 
subject may be regarded as comprehen- 
sive, it does not include any detailed account 
of the examination of such structures in a 
series of specimens obtained in this country. 
Since geographical, climatic and other re- 
lated factors are known to influence biological 
phenomena, it is appropriate to discuss the 
incidence and nature of such findings as have 
been made in specimens obtained in Mel- 


bourne. 


Some further justification for a paper of 
this kind lies in the need for the surgeon to 
appreciate the significances of any changes 
which may be seen at operation. It is the 
role of the pathologist to enquire into the 
nature of these matters and, where possible, 
to indicate their nature or the trend of 
thought regarding them. 


Historical 

Small solid or cystic nodules or thickened 
plaques occurring in, or closely associated 
with, the peritoneum (or its derivatives) of 
man have been the subject of numerous 
papers since the later part of the last century. 


They have been described most frequently 
in relation to the internal genitalia of the 
female (Schickele, 1902; Greene, Peckham 
and Gardner, 1949, amongst others) but 
have been observed also in the intestines 
generally (Crome, 1950; Heinz, 1953), the 
appendix (Heinz, 1953), the gall-bladder 
(King, 1952), and the testis (Hartz, 1947; 
Sundarasivarao, 1953; Teoh, 1953; King, 
1954). 


Although the earliest description of these 
structures, in the first mentioned site, is often 
attributed to Walthard in 1903 and although 
such structures occurring anywhere in this 
region are nowadays frequently referred to 
as “Walthard bodies,” “Walthard nests” or 
“Walthard cell rests.” Greene et alii (1949) 
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point out that, in his paper, Walthard wa: 
concerned chiefly with germinal epithelia! 
inclusions in the ovary. It was only in pass 
ing that he mentioned other small epithelia! 
bodies occurring there, as well as in or unde: 
the serosa of the Fallopian tube; he remarked 
that these might undergo cystic change 
Greene et alii (1949) further pointed out that 
according to Meyer (1903) and Plaut (1933). 
the first adequate description and discussion 
of these structures in this locality was given 


by Werth in 1887. 


Detailed accounts of these structures are 
given by many authors, especially by the early 
German writers of whom Schickele (1902) 
is perhaps outstanding. Many of the more 
recent authors have used excellent photo- 
micrographs to replace both the careful dia- 
grams and much of the verbal description 
necessary in the earlier papers. As a result, 
both writer and reader are able to define the 
nature of the subject more rapidly and more 
clearly than before. 


Quite properly, much speculation concern- 
ing the nature and aetiology of such structures 
has accompanied these descriptions and from 
this it is apparent that the approach to inter- 
pretations of these findings has changed con- 
siderably in recent times. 


Thus Ries (1897) considered some of these 
lesions to be congenital and others acquired. 
Regarding the tissues of origin, Schickele 
(1902) considered some of them to be derived 
from germinal epithelium, ectopic or normal. 
or from vestiges of the Wolffian or Gartner’s 
ducts; Sundarasivarao (1953), discussing the 
epididymis and testis, remarked on the 
similarity of structures sometimes found here 
to the so-called Walthard cell rests of the 
female internal genitalia and considered that. 
because of their position (especially if 
associated with or surrounded by smooth 
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muscle), they may arise from Miillerian 
estiges. Reis (1946) suggested that they 
ight arise from misplaced urinary tract 
epithelium; Hartz (1947) considered them to 
e of mesothelial origin. Danforth (1942) 
as impressed by resemblance between these 
tructures and the epithelium-like components 
.f the Brenner tumour of the ovary. Regard- 
ig exciting stimuli, Meyer (1903) considered 
iat pre- or co-existent inflammation was 
lways in evidence and was of aetiological 
ignificance and Werth (1887) — according 
» Greene et alii (1949) —also held this 
iew. Greene et alii (1949) concluded that 
aflammation was often a causative factor 
ut that any form of irritation, such as that 
aused by haemorrhage into the peritoneal 
avity, might be responsible. Crome (1950) 
ilso regarded inflammation as an exciting 
ause and thought that cystic and plaque-like 
tructures were metaplastic phenomena result- 
ng from this. Teoh (1953), Heinz (1953) 


ind King (1952, 1954) suggested that these 
are local metaplastic phenomena resulting 
‘rom hormonal stimulation. 
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NO. OF CASES 


FIG. I. 


The largest series of cases, in the commonly 
quoted literature on the subject, is that of 
Greene et alii (1949) who have drawn their 
material from routine sections of 150 sal- 
pingo-oophorectomy specimens together with 
serial sections of the lateral halves of sixteen 
of these. 


Material 


With this paper it is intended to add to 
literature and speculation on this subject by 
a description of surgical and autopsy material 
obtained during the years 1953-1955 from 
137 patients of the Royal Women’s Hospital, 
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Graph showing 
structures found in 137 cases. 


55 


Melbourne. Most of this material is surgical 
and was obtained from patients who attended 
for treatment of gynaecological disorders of 
various kinds. Thus almost all of this 
material is from women of reproductive age 
or older. During the same period relevant 
specimens were sought from autopsies per- 
formed on almost all of the women who died 
at this hospital, and also from autopsies on 
all infants dying there in the perinatal period; 
whenever found, relevant material was added 
to that obtained surgically. Structures of 
the type presently to be described were ob- 
served only twice in almost 1,000 autopsies 
on infants. 


The material has been further augmented 
by the addition of 7 salpingo-oophorectomy 
specimens sent for examination to this 
Department or to the Queen Victoria Hospital 
for Women; and by the addition of 2 sections 
of vermiform appendices sent by country 
practitioners to the Department. 


10 20 30 40 SO 60 70 80 90 100 
AGE IN YEARS 


the incidence of the 


Of the 144 salpingo-oophorectomy speci- 
mens, the outer portions of 3 have been 
serially sectioned. Sections from each of 
serial blocks from another such specimen 
have also been examined. 


The remainder of these specimens were 
examined by routine single paraffin embedded 
sections taken from lateral and medial halves 
of the Fallopian tubes and, where present, the 
broad ligaments and ovaries removed from 
these patients. A few sections were taken 
from other parts of the internal genitalia, as 
the macroscopic appearances of the specimens 
directed, and these have also been included. 
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All of these sections have been examined 
after staining with haematoxylin and eosin. 
Duplicates of the great majority were also 
stained with Masson’s trichrome stain. 


Sex incidence 

Only one of the 146 patients was a male, 
the remaining 145 specimens being obtained 
from females. 


Age incidence 

The accompanying graph (Fig. I) indi- 
cates the age distribution of 137 of the 146 
patients providing the material. In 9 cases 
the age is unknown. 


Specimens were not sought nor obtained 
from females between the ages of three weeks 
and 20 years largely because patients within 
these ages attended other hospitals for treat- 
ment. The greatest incidence within the 
group examined was in the 5th decade, and 
more specimens were obtained from patients 
in the 47th year than in any other single year 
of age. The youngest patient from whom a 
specimen was obtained was a stillborn baby; 
the oldest was a woman of 83 years. 


Indication for surgery 

The following conditions were responsible 
for surgical intervention or death in the cases 
described. In some of the cases more than 
one of the following conditions were present: 


Menstrual disturbances 27 cases 
Uterine malignancy 


Pregnancy (incl. ectopic) 15 ,, 


Ovarian disease _. «= 


Site of lesions under discussion 
The anatomical sites of the lesions found 
were as follows: 


Uterine adnexa 138 cases 


Other factors 

No special feature regarding race, parity 
or occupation was noted. All of the speci- 
mens were obtained from residents of this 


country although a proportion had migrate: 
here from overseas within the previous 1) 
years. 


Description of findings 

Before discussing these in detail it is appre- 
priate to consider briefly the normal histolog’ 
of the uterine adnexa. 


In routine sections which include th: 


Fallopian tube broad ligament and ovary iv: 
continuity, one almost invariably sees in lon: 
(Figs. Ila and b) or cross (Fig. IIc) section, 
lying in the broad ligament and mesovariun , 
tiny tubular structures lined internally by 

single layer of cuboidal epithelium and sur- 
rounded by a thin layer of smooth muscle. 


FIG. II(a) and (b). Photomicrographs of portions 

of the broad ligament of an adult woman of 46 

years showing, in longitudinal section, portion of 

small and tortuous tubular remnants of the Wolffian 

duct. They are surrounded by a thin layer of 

smooth muscle and lie well beneath the serosal coat 
of the broad ligament. (x 60) 


(ec). Photomicrograph of portion of the broad liga- 
ment of a woman of 54 years showing, in cross 
section, portions of the sometimes small and some- 
times dilated tubular remnants of the Wolffian 
duct. These tubules are seen undilated on the 
lower right and dilated in the middle and upper 
areas. Note the variation in thickness of the 
muscular coat. The dilated tubule in the middle 
lies eccentrically within its muscle coat and gives 
the appearance of a herniation or bulging through 
this, to the right. (x 45) 


These tubules which may be consistently 
demonstrated in the broad ligaments of in- 
fants or adults are said to be vestigial rem- 
nants of the sexual portion of the Wolffian 
body or duct, often termed Gartner’s duct 
(Novak, 1952). In addition, one sees in such 
sections a rich network of lymphatic and 
blood vessels lying in the loose connective 
tissues of the broad ligament. These often 
run close beneath and, to some extent, parallel 
with the serous coat of this structure (Figs. 
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FIG. III (a). Photomicrograph of portion of the 

broad ligament of a woman of 47 years, showing 

a small blood vessel (lower) and, in parts, dilated 

lymphatic vessels lying beneath the serous coat. 
(x 60) 


(b). Photomicrograph of portion of the broad 
ligament of a woman of 23 years showing a super- 
ficial zone of loose connective tissue with bundles 
of smooth muscle (below) and the serous coat 
(above). Immediately beneath this coat are 
lymphatic spaces (left and centre). On the right 
is a space of similar size and position lined by 
cuboidal and columnar cells of epithelial type. 
(x 60) 


(c). Photomicrograph of the superficial zone of 
portion of the broad ligament of a woman of 28 
years showing features similar to those seen in 
Fig. VIIIb. Note the numerous small invaginations 
of the peritoneal surface. (x 60) 
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Illa, b and c). These, together with con- 
siderable amounts of smooth muscle, sur- 
ound the lumen of the Fallopian tube and 
extend to the hilum of the ovary. The whole 

enclosed within a layer of peritoneum 
.onsisting for the most part of a single layer 
‘f flattened “endothelial” or “mesothelial” 
cells. It is characteristic of this peritoneum 
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to show numerous, usually small, invagina- 
tions into the underlying connective tissues 


(Figs. IIb and c). 


FIG. IV (a). Photomicrograph of the superficial 
zone of the lateral portion of the broad ligament 
of an adult woman. The section was taken from 
near the fimbrial end of the Fallopian tube and the 
picture shows an abrupt change from the usual 
single layer of flattened “mesothelial” cells of the 
peritoneum to a single layer of closely packed 
columnar cells of epithelial type. (x 75) 


(b). Photomicrograph of the superficial zone of 
portion of the broad ligament of a woman of 
27 years showing two adjacent zones of abrupt 
change from the usual single layer of flattened 
“mesothelial” cells of the peritoneum to a_ thick 
layer of stratified cells morphologically similar to 
some types of stratified squamous. epithelium. 
(x 60) 


Macroscopic appearances 


In the routine examination of gynaeco- 
logical material at the Royal Women’s Hos- 
pital, Melbourne, it was extremely common 
to observe easily, with the naked eye, tiny, 
more or less spherical, “milky” cysts, varying 
in diameter from one to several millimetres; 
they bulged from the peritoneum especially 
on the posterior aspect of the lateral half 
of the broad ligament and often extended on 
to the fimbrial ends of the Fallopian tubes; 
they sometimes occurred on the mesosalpinx. 
More rarely they were found on the serous 
coat of the uterine fundus itself. These 
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structures, though occurring singly or in 
pairs and though sometimes quite difficult to 
see, are commonly quite obvious and found 
in dense clusters. Occasionally they occur on 
the medial portion of the broad ligament 
and Fallopian tube. Here, and on the uterus 
(where they were observed in 8 instances), 
these structures are usually very small. 


FIG. V. Photomicrograph of the superficial zone 
of portion of the broad ligament of a woman of 
27 years showing abrupt change in the peritoneum 
with formation of a thick plaque of stratified cells, 
in some ways resembling squamous epithelium. 
Note the appearance of multifocal vacuolation in 
the thicker portion of the plaque and the cuboidal 
cellular lining of the peritoneal infolding seen 
in cross section immediately beneath the plaque. 
(x 180) 


Cystic structures of various sizes and 
nature are of course commonly seen on the 
surface of the ovary and here may very often 
be explained, after histological examination, 
as distensions of follicular bodies and related 
structures. In other instances such explana- 
tions are not forthcoming and, in such cases, 
the structures are quite frequently noted to 
be morphologically identical with those men- 
tioned above as occurring on the broad liga- 
ment. In view of the special characteristics 
peculiar to the ovary it is intended to dis- 
regard any of the structures occurring therein, 
however morphologically similar, except to 


note their occurrence and to bear in mind the 
possibility that they may, indeed, be identica' 
in every way with those to be described bu‘ 
found elsewhere. 


When sections from specimens of this kinc 
are examined, one is confronted with a variet) 
of small structures, sometimes solid some. 
times cystic, only some (usually the last) o° 
which had been noted macroscopically. 


The variety of these structures, especiall) 
as regards morphology and site, is such tha 
various explanations would seem to be neces 
sary for their interpretation and it is witl 
this that we are now concerned. 


The structures seen are of the following 
kinds, several of which are sometimes founc 
in the one specimen: 


(1) Superficial serosal hyperplasia (Fig 
IVa). Abrupt changes from the usual singl« 
layer of flattened “mesothelial” cells of the 
peritoneum to a single layer of cells of an 
other kind, usually cuboidal or columnar, are 
commonly seen, especially as the fimbrial end 
of the Fallopian tube is approached, but also 
quite commonly within any of the frequent 
peritoneal infoldings seen throughout the 
region of the broad ligament. As the fimbria! 
end of the Fallopian tube is approached these 
modified cells, which morphologically re- 
semble epithelium, are more often columnar 
and not infrequently show those histologica! 
features characteristic of the tubal epithelium 
proper. 


(2) Superficial serosal changes of gross 
nature (Figs. [Vb and V). Abrupt changes 
from the usual single layer of peritoneal 
“mesothelial” cells to thick plaques of 
stratified cells, sometimes morphologically 
similar to squamous epithelium, are com- 
monly seen. These resemble a somewhat un- 
differentiated stratified squamous epithelium 
in that there is only a suggestion of a flatten- 
ing of the superficial layers, and keratiniza- 
tion has not been observed. In Fig. V one 
sees an exceptionally thick plaque showing 
widespread vacuolation of many of its com- 
ponent cells. 


(3) Superficial spherical solid and/or 
cystic nodules (Figs. Vla, b, c). 


These constitute one of the commonest find- 
ings of the type of structure under discussion. 
They may appear as single or multiple clumps 
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f cells (similar to those described in the 
« bove-mentioned plaques) and they are prac- 
‘ically always quite small. The clump or 


nodule is separated from the surrounding 
‘issues by a thin basement membrane and no 
rauscular coat is seen. 


n Fig. Via. 


Such a nodule is seen 


b 


FIG. VI(a). Photomicrograph of a_ superficial 
zone of portion of the broad ligament of woman 
of 27 years. It shows the presence of a solid, 
more or less spherical clump of cells of a type 


similar to that seen in other plaques (Fig. V), 
lying immediately beneath the serous coat. (x 60) 


(b). Photomicrograph of the superficial zone of 

portion of the broad ligament of a woman of 

32 years showing, on the right, a nodule similar to 

that shown in Fig. Va in which a small cavity 

has appeared. On the left is a larger cystic 

structure lined throughout by a single layer of 
flattened cells. (x60) 


Vacuolation of the component cells, similar 
o that shown in Fig. V, is frequently seen 
n such solid nodules, as also are cavities of 
varying size as shown in Figs. VIb and c. 
Almost invariably such cavitation is eccentric 
so that the cystic structure has a thin wall 
isually lined by one or two layers of cells 
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on its outer aspect while, quite frequently its 
inner aspect is lined by a thicker stratified 


layer (Figs. VIc and VII). 


The superficial layer of cells, immediately 
adjacent to such cavities, is quite frequently 
different morphologically from the deeper 
cells, giving an appearance not unlike that 
of transitional epithelium and it was this 
that led Reis (1946) to postulate the origin 
of these structures from misplaced urinary 
tract epithelium. 


FIG. VII. Photomicrograph of the superficial zone 

of the broad ligament of a woman of 47 years 

showing collapsed superficial cystic structures with 

thin single-layered linings on their superficial 

aspects while their deeper aspects have, in part 
at least, thicker stratified linings. (x 60) 


It would seem from these various appear- 
ances that the majority of the cystic structures 
described macroscopically on the broad liga- 
ment begins as developing clumps of cells 
in, or immediately beneath, the serous coat 
(Fig. Vla); that these cells depend for their 
nutrition on the diffusion of tissue fluids from 
without; that, as the clump grows larger, 
the more central cells become deprived of 
nourishment and undergo vacuolation (Fig. 
V) and that, finally, a cavity develops which 
increases in size with the passage of time 
(Figs. VIb and c). The concept of nutrition 
by diffusion would explain the early eccentric 
position of the cavity and the persistence to 
a late stage of a stratified cellular lining on 
the deeper aspect of the cyst (Fig. VII). It 
is not so easy to explain the eventual re- 
duction of this proximal zone to a single 


|_| 
€ 
4 
al 
al 
of 
y 
4 
1€ 
yr 
n. 


60 


layer of flattened cells as the cyst increases 
in size; such is invariably the case in the 
largest of these cysts (Fig. VIb). 


(4) Subserosal solid nodules sometimes 
occur either just beneath the surface, as with 
the clumps shown in Fig. VIII, or more 
deeply and remotely from the surface as in 
Figs. [Xa and b. They do not appear to 
differ in any way, except in their position, 
from those described above. 


FIG. VIII. Photomicrograph of the superficial 
zone of portion of the broad ligament of a woman 
of 45 years showing a cluster of partly solid, partly 
cystic structures, some lying close to the serous 
coat and others lying more remotely from it. 
(x 180) 


(5) Subserosal cystic structures are of 
several morphological types. 


(a) Those presenting an appearance 
similar to that of the vestigial tubular rem- 
nants of the Wolffian duct. The apparent 
herniation of portion of such a tubule into 
the surrounding tissues is a common finding 


(Fig. IIe). 


Much larger examples of this kind occurred 
within this material, large cysts of several 
millimetres diameter with an extremely thin, 
smooth muscle coat sometimes occupied the 
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central tissues of the broad ligament and 
sometimes extended towards and bulged the 
peritoneum outwards. Except in the very 
largest cysts of this type (which have a flat- 
tened cellular lining) the cells lining these 
cysts are cuboidal. Smooth muscle surrounds 
them always in greater or less amounts. 


FIG. IX (a). Photomicrograph of portion of the 

broad ligament of a woman of 28 years showing 

solid and cystic structures lying well beneath the 

surface because of a superimposed layer of blood 
clot and fibrin. (x 45) 


(b). Photomicrograph of portion of the broad 
ligament of an adult woman showing a variety of 
structures, some superficial and some lying more 
deeply beneath an organizing exudate. On the 
right is a solid nodule. Beside it and on the left 
are cystic structures with flattened cellular linings 
whilst in the centre are two cystic structures lined 
by columnar cells. (x 45) 


(b) Those cysts apparently related to 
superficial lymphatics are illustrated in Figs. 
Illa, b and c, where a series of dilated spaces 
of lymphatic type are seen. In Figs. IIIb 
and c this series is interrupted by the 
presence of a single space which, unlike its 
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neighbours, is lined by a single layer of 
‘uboidal and columnar epithelium occasion- 
ily thrown into folds. The suggestion that 
such cysts are of lymphatic origin is based 
mly on their apparent position in the course 
of lymphatic vessels. The lining “epithelium” 
bears no significant resemblance to that of 
neighbouring structures. 


FIG. X. Photomicrograph of portion of the 
mesovarium of a woman of 44 years showing 
ovarian stroma above and a cluster of cysts in the 
adjacent mesovarium. They are lined for the most 
part by a stratified epithelium and elsewhere by 
one or two layers of flattened or cuboidal cells. 
Note the absence of a muscular layer. A small 
blood vessel is present on the upper right aspect. 
(x 45) 


(c) Cystic structures of a different kind 
and formed within the mesovarium are de- 
picted in Figs. X and XI, which show them 
singly and in clumps, remote from the serous 
surface and lined for the most part by a 
stratified type of epithelium similar to that 
described under sections (2) and (3) above. 
These bear no obvious relation to known 
anatomical structures, are not surrounded by 
smooth muscle and may perhaps have been 
determined by secretions, hormones or other 
factors peculiar to the ovary itself. 


(d) Cystic structures lying within the 
muscular coat of the Fallopian tube and close 
to its lumen were seen in one case and are 
illustrated in Fig. XII. These structures are 
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lined often by epithelium typical of the 
Fallopian tube and are therefore presumed to 
be extensions or extrusions of this mucosa 
through the surrounding muscular tissue in 
much the same way as this occurs in the wall 
of the gall-bladder in cholecystitis glandu- 
laris proliferans (King, 1952). 


FIG. XI. Photomicrograph of portion of the meso- 

varium of a woman of 35 years showing a single 

cystic space lined by a stratified epithelium and 
showing no surrounding muscle layer. (x 90) 


(6) Cystic structures occurring beyond 
the confines of the broad ligament include 
those found on the serosal surfaces of the 
uterus and the appendix vermiformis. Of the 
former, some were characteristically endo- 
metrial in type and are not dealt with further 
here. A superficial cyst found on the fundus 
of the uterus which, because of its morpho- 
logical characters and situation, was con- 
sidered to be of lymphatic origin in that it 
appeared to occur as a localized dilatation 
of a subserosal lymphatic vessel is illustrated 
(Fig. XIII). Thin-walled subserosal cysts 
were found on the outer aspects of the vermi- 
form appendix in a woman of 25 and a man 


of 56 years (Figs. XIV and XV). 


All of these cystic structures have inner 
linings of flattened cells and show no sur- 
rounding layers of smooth muscle. 


a 


FIG. XII. Photomicrograph of portion of the wall 
of a Fallopian tube of an adult woman showing 
the tubal lumen (lower left) and numerous 
irregular cystic spaces scattered throughout the 
muscular coat of the tube. For the most part 
these are lined by a columnar epithelium of tubal 
type. (x 75) 


FIG. XIII. Photomicrograph of the superficial 

zone of portion of the uterine fundus of a woman 

aged 48 years showing a partly collapsed thin- 

walled cyst lying immediately beneath the serosa 

and in close relation to a sub-serosal lymphatic 
vessel seen on the left side. (x 60) 


Discussion 


As has been noted, one of the characteristic 
features of these lesions is their preponder- 
ance on the posterior surface of the lateral 
one-half of the broad ligament. Although we 
have seen that such structures have beer 
described elsewhere in the peritoneal cavity. 
the total number of such cases is quite smal! 
compared with those described in relation to 
the internal genitalia of the female. Further- 
more, their occurrence in this situation is so 
frequent that, within the age group described 
here, it is unusual for them not to be found. 


FIG. XIV. Photomicrograph of a cross section of 
the vermiform appendix from a man of 56 years 
showing a_ thin-walled sub-serosal cyst in the 
appendi nteric angle. The cyst is lined 
internally by flattened cells and has no surround- 

ing muscular coat. The appendicular lumen shows © 
changes resulting from chronic inflammation. 

(x 15) 


It is not to be implied that such structures 
do not occur with equal frequency in relation 
to the internal genitalia (especially the testis, 
epididymis and processus vaginalis testis) of 
the male — for it is important to realize that 
for surgical reasons alone these organs in the 
female are far more frequently submitted to 
the scrutiny of the pathologist, so that their 
occurrence is the more likely to be observed 
and publicized. In either case, one questions 
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he nature of these structures and seeks an 
explanation of their localization in this 
osition. For it is reasonably certain that 
‘heir frequent occurrence elsewhere in the 
eritoneal cavity would have been observed 
ad described in the literature. 


The answers to such questions of nature 
end localization may be obtained from study 
cf known phenomena, anatomical or physio- 
logical, either peculiar to this region or 
: pplicable to the body tissues generally — or 
io a combination of the two. 


FIG. XV. Photomicrograph of portion of the 

vermiform appendix from a woman of 25 years 

showing the lumen (lower part) and a large thin- 

walled sub-serosal cyst. The cyst is lined internally 

by flattened cells and has no muscular layer in 
its wall. (x 30) 


As far as anatomical considerations are con- 
cerned, attention is attracted to the features 
of the anatomy of the region and particularly 
\o those structures, already enumerated, which 
occur within the broad ligament and which, 
upon suitable stimulation, may give rise to 
ystic structures. These are tubular remnants 
£ the Wolffian duct and the lymphatic and 
‘lood vessels of the area. It must be noted 
,owever, that such structures appear to have 
mly an indirect pathogenetic relation to such 
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serosal cysts as are described under (3) 
above, where the peritoneal celis are clearly 
important. 


Known physiological phenomena, cyclical 
or otherwise, peculiar to this situation and 
applicable to this material are those con- 
cerned with reproductive age and with preg- 
nancy. They would appear to embrace 
chiefly the phenomena of follicular develop- 
ment, ovulation and luteinization with all of 
the implications of these. Physiological 
phenomena applicable to the body generally 
and relevant to this discussion are those 
mediated by such general channels as the 
vascular, lymphatic and nervous pathways 
and therefore embrace a wide range of nutri- 
tional, metabolic and endocrine factors con- 
cerning which our knowledge is still incom- 
plete. 


Let us however examine some of these 
aspects more closely. 


Anatomical considerations 

We have seen that cystic structures of the 
kind under discussion may conceivably arise 
from serosal cellular proliferations, tubular 
remnants of the Wolffian duct or from local 
blood or lymphatic vessels and that, from the 
material examined, the former, on morpho- 
logical grounds, appear to contribute most 
commonly to these structures. Wolffian duct 
remnants are frequently observed to show 
localized dilatations — sometimes even giving 
rise to cystic structures sufficiently large to 
protrude through the peritoneal covering. 
Although no cystic dilatations of blood ves- 
sels have been observed here, lymphatic 
vessels on occasions do appear to give rise 
to such structures (see Figs. IIIa, b and e, 


and XIII). 


It has been pointed out (King, 1954) that 
metaplastic changes observed in tissues do 
not necessarily follow the restrictions that 
would be expected from the concept of the 
immutability of the three germ layers. This 
author emphasizes the observation of morpho- 
logically similar squamoid “epithelial” tissue 
in structures of ectodermal, mesodermal and 
endodermal origin, so that it becomes neces- 
sary for us to consider always the possibility 
of cyst development from, in this case, the 
connective tissues of the broad ligament them- 


selves. 
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The important feature is that different 
kinds of tissue, if subjected to the appro- 
priate stimuli, will give essentially similar 
end results. Even different stimuli may give 
rise to similar structures since there is a 
limit to the possible variations of size, form 
and arrangement which may be produced 
from tissue cells. 


Physiological concepts 

Macroscopic and microscopic changes, 
sometimes of a bizarre and spectacular nature 
occur within the pelvic tissue of the female, 
especially during the reproductive age and 
by implication therefore are readily asso- 
ciated with the cyclical phenomena of that 
period or with pregnancy, or simply with 
the reproductive period itself apart from its 
cyclical phenomena. 


Perhaps the most obvious illustration of 
this presumed association is to be found in 
the very common occurrence of fibromyomata 
in the uteri of women of this age. The rarity 
of these before the menarche and their usual 
retrogression after the menopause surely in- 
dicate a close association with some factor 
operating maximally (or minimally) during 
the intervening reproductive period. Similar 
remarks are readily applicable to the 
phenomenon of endometriosis in which we 
witness the ability of more remote tissues to 
react to a special complex series of circum- 
stances. 


We do not know the answers to the ques- 
tions posed by these observations. But in the 
light of present knowledge it seems eminently 
reasonable to suggest that the provoking 
stimulus for these changes is hormonal and 
that, although no indubitable evidence for 
the suggestion is as yet available, hormones, 
in particular combinations or concentrations, 
may be responsible. 


The importance of progesterone especially 
should not be overlooked in this connection, 
for it is with this hormone, or with the 
balance achieved between it and other re- 
lated secretions, that we associate the tem- 
porary decidual changes in the endometrium 
of the late premenstrual phase and the more 
lasting decidual changes during pregnancy. 
These occur not only in the endometrium and 
within the endocervical mucosa, but also on 
the serosel surface of the uterus, especially 
in the ovary and even as far afield as the renal 


pelvis (Bettinger, 1947). It is nevertheless 2 
common feature of these conditions that, 
although observed in the more remote parts 


of the body, they occur with the greates: 


frequency in the pelvic region. 


In the present discussion we are dealin; 
with phenomena which appear to be eve. 
more restricted in their anatomical distribu- 


tion than the above, and it is perhaps firs: 
of all the explanation of these greater or 


lesser restrictions that we seek. Although i 
is difficult to offer a rational account for sucl 
localization, tenuous, but none the less plaus 
ible, suggestions are available. Prominen. 
among these are the developing concepts o 
hormonal diffusion (in this case from the 
ovary) and of the action of so-called tissuc 
“organizers.” 


The role of each of these concepts (and 
particularly the last) is fundamental at least 
to modern concepts of embryology and 
there seems to be good reason for their 
applicability to phenomena occurring in tis- 
sues beyond the early embryological phases. 
The action of various hormones, for example, 
on the distribution of hair on various parts 
of the body is noteworthy here, but also such 
phenomena as the localization of new bone 
formation at a fracture site to approximately 
the original position of the bone indicate the 
presence of well defined and relatively pre- 
cisely acting agents of various kinds. 


In view of these considerations it would 
appear reasonable to support the suggestions 
of Teoh (1953), Heinz (1953) and King 
(1952, 1954) that such phenomena, at present 
under discussion, may both in their nature 
and localization be the result, in part, of 
some hormonal stimulation. 


It remains for us perhaps to discuss the 
manner in which the stimulus is delivered to 
the site of activity, although we must at the 
same time be mindful that localization of 
response is not merely a property of the 
delivered stimulus but of the tissue to which 
it is delivered — or of both acting together. 


Having these considerations in mind it 
would appear that a stimulus borne by the 
blood, lymphatic cr nervous systems would 
be expected to maniiest itself widely through- 
out the body frequently, sc that endometriosis 
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or instance (and is there any good reason 
‘or supposing that the present phenomena 
iffer essentially from this?) instead of be- 
ag manifest by pelvic pain, might just as 
requently indicate its presence by cerebral 
aemorrhage, haemoptysis or haematemesis 
nd melaena. That this is not so, and that 
he manifestations of these stimuli are in fact 
ommonly localized to certain areas is of 
rime importance to the argument that there 
s some other factor (or factors) operating 


o decide such localization. 


Previous or co-existent inflammation or 
ther irritative phenomena and surgical in- 
ervention do not figure at all prominently in 
his present series of cases and therefore can- 
1ot be ascribed as of aetiological importance 
in the development of these lesions. There- 
‘ore, although it is not possible in the present 
state of our knowledge to implicate with 
‘ertainty any one factor or group of factors, 
it is suggested that the aetiological factors 
accounting for the development and localiza- 
tion of the above described structures are to 
be found for the most part among the cir- 
culating hormones of the body; that the 
hormones particularly involved (partly be- 
cause of their age and sex incidence) are 
ovarian in origin; that the particular localiza- 
tion of these structures may be due in part 
to diffusion or spilling of these hormones 
in or onto the area described; and that the 
latter mechanism, occurring at ovulation re- 
peatedly over a long period of time, so that 
this particular part of the peritoneum is 
exposed to even minute amounts of oestrogen- 
rich follicular fluid, may be of prime im- 
portance in deciding their maximal incidence 
here in the 5th decade of life. 


It may reasonably be argued that the dis- 
covery of structures of this kind in a still- 
born infant and a woman of 83 years cannot 
be accounted for on such grounds. Their 
occurrence in the stillborn infant on the other 
hand may well be due to those same agents 
(perhaps acting in a peculiarly exaggerated 
fashion upon particularly immature and re- 
sponsive tissues) arising from the maternal 
organism and passing through the placental 
barrier. The applicability of this or a 
parallel argument in a woman of 83 years 
need not be negated by our ignorance of the 
complex changes occurring in endocrine re- 
lationships at such an age. At the same time 
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we do know that the tissues of the aged are 
still able to proliferate in a remarkably 
“youthful” manner if the appropriate stimu- 
lus and an adequate blood supply are present. 


It is perhaps reasonable to claim that a 
discussion of this kind is largely of academic 
interest. It has practical applications however 
in that those of the above structures which 
can be seen with the naked eye should, as far 
as possible, be interpreted correctly by the 
surgeon who may have to distinguish them 
from sparse lesions of miliary tuberculosis, 
ectopic decidual tissue, talc granulomata, 
scattered small malignant deposits, granulo- 
mata of oxyuris and other similar parasites, 
parvilocular hydatid disease, and perhaps 
even from small diverticula or gas cysts. 


SUMMARY 


Small solid or cystic structures in or be- 
neath the peritoneum covering the uterus, 
Fallopian tubes and broad ligament are com- 
monly found during and particularly toward 
the end of the reproductive period. Less 
commonly they are found on the surface of 
the intestine and only occasionally in early 
life or old age. They have been described 
infrequently in the male. 


These structures occur in various forms 
and in different parts of the tissues in relation 
to the covering peritoneum. 


They appear to have a different origin in 
different cases. Some arise by proliferation 
of cells of the serosal lining; others come 
from lymphatic vessels and others arise from 
residues of the Wolffian ducts. The age of 
onset may, in part, determine the tissue of 
origin. 


The stimuli responsible for the local growth 
of cells and the cystic changes are apparently 
hormonal in type. The precise combination 
of hormones is unknown. 


Factors determining the localization of 
these structures to certain parts of the pelvis 
are not understood. Local concentration of 
ovarian secretions in the pelvic region (as 
suggested not only by the special distribution 
of the lesion but also by the development of 
nodules or cysts on parts of the alimentary 
canal lying in the pelvis) may be a significant 
factor. 
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Much of the controversy regarding patho- 
genesis becomes unnecessary if it be appre- 
ciated that various tissues may be acted on 
by chemical stimuli to produce essentially 
similar structures. 
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HE term “pilonidal sinus” was introduced 

by Hodges in 1880 and, although he 
‘scribed a sinus of the sole of the foot, the 
rm had in the main been used in the generic 
nse for sinuses of the sacro-coccygeal 
‘gion. Thus, in this common usage, pilonidal 
nus had included medullary canal vestiges, 
questration dermoids, congenital dermal 
nus, sacro-coccygeal dimple and dimple 
nus together with what is now labelled 
“yilonidal sinus proper.” 


The congenital theory of origin was gener- 
ally accepted until 1946 when Patey and 
Scarff described a case of pilonidal sinus in 
the interdigital cleft of the hand of a barber 
and criticized the congenital theory of origin. 
In 1947 King published a paper on The 
Nature of Pilonidal Sinus in which his theory 
of acquired origin was enunciated. Since 
that time typical pilonidal sinuses have been 
described in several other sites and the term 
has been used to describe any acquired hair 
--or fibre (Mathieson, 1951) containing 
sinus traversing skin and subcutaneous tis- 
sues. The theory of acquired origin has 
recently been reinforced by the description 
of a sinus containing wool fibre (Mathieson, 
1951) and one containing grass (Page, 1955). 
Perhaps this altered usage accounts for the 
relatively small number of cases of pilonidal 
sinus in other than the sacro-coccygeal region 
recorded in the literature. 


Atypically situated pilonidal sinuses are 
very rare but have now been described in the 
interdigital clefts of the hands (Patey and 
Searff, 1946 and 1948; Ewing, 1947; Tait, 
948; Wilks, 1948; Sames, 1948; King, 
1949; Mathieson, 1951; Jenkins, 1951; 
Warren, 1951; Raw, 1951; Hueston, 1952; 
‘turrie, Gibson and Goodall, 1953, and 
Powell, 1956), in the horizontal fold of the 
vuttock (King, 1947), in the lumbar region 
Hueston, 1953, and Aird, 1957), in the 
ixilla (Aird, 1952), in the sole of the foot 
Hodges, 1880), in a mid-thigh amputation 
tump (Shoesmith, 1953), in the anterior 
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perineum in the male (Smith, 1948), in the 
peri-anal region (Edwards and Rieman, 
1950), in the umbilicus (Jackson, 1854, and 
Aird, 1952), in the hair bearing area of the 
face (Aird, 1957) and in the suprapubic 
region of a female (MacLeod, 1953). 


The lesion described by MacLeod occurred 
in a female of thirty-five years of age and 
was situated in the mid-line immediately 
above the symphysis pubis. It consisted of a 
cyst extending downwards for one and one- 
half inches from the cutaneous orifice and 
was lined by squamous epithelium containing 
hair follicles. The writer does not mention 
a discrete sinus connecting the cyst with the 
cutaneous orifice so the lesion is best re- 
garded as a complicated dermoid and not 
admitted as a pilonidal sinus. 


The object of the present communication 
is to record a case of pilonidal sinus of the 
mons veneris which may be regarded as a 
pilonidal sinus proper in that no antecedent 
lesion was demonstrable. 


SUBCUTANEOUS 
LUMP 


CUTANEOUS 
ORIFICE 


FIG. I. Diagram showing relation of the 
pilonidal sinus to the clitoris and pudendal cleft. 


Case History 


J.K., a slim, fair haired, Australian girl of seven- 
teen years of age, had her first menstrual period at 
thirteen years and had worked as a machinist in a 
cotton goods factory for two years before presenting 
on 22nd February, 1956, with a painful, tender lump 
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situated in the mons veneris some three-quarters of 
an inch anterior to the clitoris in the midline. The 
lump had been noticed some three months previously 
but had been painful and tender for only one week. 
Local heat was applied and some five days later a 
small quantity of pus discharged spontaneously 
through a minute cutaneous orifice at the anterior 
extremity of the pundendal cleft. The inflammation 
subsided over a few days. 


In May, 1956, there was a further inflammatory 
episode which again subsided following discharge 
of pus through the cutaneous orifice. 


The patient was again seen on 12th January, 1957, 
complaining of pain and tenderness of the sub- 
cutaneous lump in the mons veneris and on this 
occasion a bead of pus could be expressed from the 
cutaneous orifice. 
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Fig. III 
FIGS. II, III and IV. Photomicrographs showing the typical features of the lesion. 


There is no evidence of hair follicles or sweat glands 
arising from the epithelium lining the sinus althoug 
both are present in abundance and of norm:! 
appearance in the overlying skin. 


The condition is a pilonidal sinus of typic:! 
appearance. 


COMMENT 


In view of the many theories that have bee 1 
invoked to explain the formation of pilonid: | 
sinuses in other situations it may perhaps 
prove interesting to consider the presert 
lesion from the aetiological aspect. 


In general many of the casual condition; 
which occur in the natal cleft will apply, pe:- 


The sinus, lined 


by stratified squamous epithelium devoid of ordinary cutaneous appendages, contains hair free in its 


On 18th January, the lump together with the over- 
lying skin and cutaneous orifice was excised under 
general anaesthesia. On subsequent examination the 
lesion was seen to be a typical pilonidal sinus with 
a subcutaneous portion one-quarter of an inch in 
diameter connected by a hair-containing sinus, one- 
half of an inch in length, with a cutaneous orifice 
some one-sixteenth of an inch in diameter. 


Pathological report: Macroscopically, the specimen 
consists of a piece of skin 2.0 cm. x 1.0 cm. with a 
mass of fibro-fatty tissue 2.0 cm. across beneath it. 
A small sinus at one end of the skin has a tuft of 
hair protruding from it. 


Histologically, the sinus is lined by stratified 
squamous epithelium surrounded by a dense layer 
of inflammatory cells and fibrous tissue. The in- 
flammatory cells are almost entirely mononuclear in 
type, predominantly small round cells but occasional 
polymorphonuclear leucocytes are present. Hair lies 
free in the centre of the sinus in the area sectioned. 


lumen and is surrounded by a zone of chronic inflammatory reaction. 


(x 60) 


haps in different degree, to the pudendal cleft. 
Pilonidal sinus occurring in the classical site 
is most common in dark, hirsute, obese males 
of poor hygienic standards and of a particular 
hair type. The age of maximum occurrence 
is nineteen years (Kooistra, 1942) and re- 
current trauma (Jeep disease — Buie, 1944) 
may be a feature. 


The known acquired (interdigital cleft) 
pilonidal sinuses only occur after many years 
of exposure to the aetiological agents, e.g. 
hair oil and the customers’ hair or wool 


fibres. 


The fact that, in the above recorded case. 
the pilonidal sinus occurred at an early age 
(within five years of the menarche) in a fair 
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haired, slim girl of good hygienic standards, 
a previously unrecorded site and in the 

avsence of personal or family history of 
lonidal disease would suggest that some 

s ecial conditions were operative. Close en- 
iry failed to elicit any special predisposing 
ctors. 


The short, crisp hairs of the pubic region, 
‘rhaps cemented together by vulval secre- 
ms, should be admirably suited to take part 
a drilling action (Brearley, 1955) im- 
irted by rolling movements of the opposed 
bial surfaces in walking. A lowering of 
ssue tension on abduction of the thighs, 
s milar to that occurring in the natal cleft 
srearley, 1955) would impart a sucking 
ation to the sinus. The anterior extremity 
the pudendal cleft is a likely situation for 
preformed cutaneous dimple and once 
initiated the process would be expected to 
roceed rapidly in the delicate, moist skin of 

ie cleft. 

SUMMARY 


The origin and the use of the term 
“pilonidal sinus” is considered. 


The atypical sites of pilonidal sinus are 


recorded. 


A case of pilonidal sinus of the mons 
veneris in a seventeen years old girl is 


described. 


Comment is made on the aetiology of 
pilonidal sinus in this particular situation. 
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ILLIAM HARVEY died on 3rd June, 
1657, and the tercentenary of his death 
was commemorated this year in most 
countries of the world. Time has blurred 
some of the precise details of his work and 
many have forgotten the importance of his 
findings but Harvey’s greatness lies in the 
fact that, to prove a circulation of the blood 
existed, he was able to devise experiments 
which were simple, clear cut, absolutely con- 
clusive, and moreover could be shown to and 
repeated by his opponents and other sceptics. 
It was the proof rather than the discovery of 
the circulation which made him so different 
from his predecessors and contemporaries. 


From 1615 until he retired in 1656 Harvey 
was Lumleian lecturer at the College of 
Physicians. The Lumleian lectureship had 
been founded by Richard Caldwell, a Fellow 
of the College, and Lord Lumley in 1581 and 
was endowed with £40 per annum. The lec- 
ture was to be on a surgical subject and was 
quite independent of the anatomy lectures 
given at the College which, some time after 
1666, were merged with the Gulstonian lec- 
tures. During Harvey’s long term of office it 
would seem that he lectured on anatomical 
subjects and his manuscript note-book, now 
in the British Museum, contains the notes for 
the first of these lectures. There is no doubt 
that Harvey demonstrated the circulation of 
the blood to his colleagues in these lectures 
and gave ocular demonstration of his experi- 
ments for he mentions this point in the dedi- 
cation of his De Motu Cordis et Sanguinis. 


In speaking to John Argent, the President, 
and “the rest of the doctors and physicians 
his most loving collegs,” he says: 


“IT did open many times before, worthy Mr. 
Doctor, my opinion concerning the motion 
and use of the heart and Circulation of the 
blood new in my lectures; but being con- 
firm’d by ocular demonstration for nine 
years and more in your sight, evidenced 
by reasons and arguments, freed from the 
objections of the most learned and skilfull 


THE ENGLISH TRANSLATIONS OF HARVEY’S WORKS 
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Melbourne 


Anatomists, desired by others, we have a: 
last set it out to open view in this littl. 


Book; which, unless it were pass’d throug! 


your hands, I could hardly hope that i: 
would come abroad entire and safe, sinc: 


I can call most of you, being worthy o 
credit, as witnesses of those observation. 
from which I gather truth, or confute error 
who saw many of my Dissections, and i: 
the ocular demonstrations of these thing: 
which I here assert to the senses, were us’¢ 
to stand by and assist me. And since this 
only Book does affirm the blood to pas: 
forth and return through unwonted tracts. 
contrary to the received way, through so 
many ages of years insisted upon, and 
evidenced by innumerable, and these most 
famous and learned men, I was greatly 
afraid to suffer this little Book, otherways 
perfect some years ago, either to come 
abroad, or go beyond Sea, lest it might 
seem an action too full of arrogency, if 
I had not first propounded it to you, con- 
firm’d it by ocular testimony, answer’d your 
doubts and objections, and gotten the 
President’s verdict in my favour; yet | 
was perswaded if I could maintain what | 
proposed in the presence of you and our 
College, having been famous by so many 
and so great men, I needed so much the 
lesse to be afraid of others, and that only 
comfort, which for the love of the truth you 
did grant me, might likewise be hoped for 
from all who were Philosophers of the same 
nature . . . Likewise, all studious, good 
and honest men, do never suffer their mind 
so to be o’rwhelm’d with the passions of 
indignation and envy, but that they will 
patiently hear what shall be spoken in 
behalf of the truth, or understand any 
thing which is truely demonstrated to them; 
nor do they think it base to change their 
opinion, if truth and open demonstration 
so perswade them, and not think it shame- 
full to desert their errors, though they be 
never so antient, seeing they very well 
know that all men may erre, and many 
things are found out by chance, which any 
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one may learn of another, an old man. of 
a child, or an understanding man of a 
fool.” 


This was written just before his De Motu 
Cordis was published in 1628 by William 
litzer in Frankfurt. It is important, for it 
s.ows that Harvey was teaching and demon- 
< rating his proof of the circulation of the 
|iood for many years before he gave his 
taeory to the world and the nine or so 
vears he talks about were taken up with the 
jerfection of both his argument and his 
«xperiments. Before his book was published, 
tierefore, his colleagues had the opportunity 
io watch his dissections and criticize his 
argument. This explains why Harvey’s work 
cn the circulation was accepted in England 
long before it had gained general approval 
on the Continent. 


Twenty-five years were to lapse before his 
Look appeared in English. This is not sur- 
prising for Latin was the scientific language 
of the day and there were an adequate num- 
ber of editions in that tongue for, from 1628 
until 1653, De Motu Cordis appeared in Latin 
seven times (1628, 1635, 1639, 1643, 1645, 
1647 and 1648) and in Dutch once (1650) ; 
De Circulatione Sanguinis was published in 
Latin three times in 1649 and once in 1650. 


When the English translation appeared in 
1653 it was with the title The Anatomical 
Exercises of Dr. William Harvey . . . con- 
cerning the motion of the Heart and Blood. 
This was a more pretentious volume than the 
miserably printed original of 1628 for in 
addition to Harvey’s main work it contained 
his Two Anatomical Exercitations Concerning 
the Circulation of the Blood, To John Riolan 
the son with, in addition, Dr. James de Back 
his discourse of the Heart and a preface by 
Zachariah Wood. Jean Riolan, the younger 
(1577-1657) was a violent adversary of the 
circulation of the blood and Harvey’s well- 
tempered reply to his criticism had been 
published in Cambridge and Rotterdam in 
'649 with the title Exercitatio Anatomica De 
Circulatione Sanguinis. It must be regarded 
is an appendix to his De Motu Cordis. 


We have no knowledge as to who trans- 
‘ated Harvey’s work into the vernacular but 
ire made a good job of it using vigorous 
‘nglish which drives home the author’s 
o0ints; it must have been done with Harvey’s 
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knowledge and approval. It proved popular 
for it was re-issued in 1673 after the author’s 


death. 


This English version by an unknown trans- 
lator held the field until 1832 when De Motu 
Cordis was again translated, this time by 
Michael Ryan. In 1847 Robert Willis trans- 
lated all of Harvey’s works for the Sydenham 
Society and this has formed the basis for 
most of the modern versions (Bohn’s Select 
Library, 1889, edited by Alex. Bowie; Fac- 
simile of the 1628 edition with translation for 
G. Moreton, Canterbury, 1894; Everyman’s 
Library, 1907, reprinted 1923, 1952; in 
“Epoch-making contributions to medicine, 
surgery, &c.” Collected by C. N. B. Carmae, 
1909). In 1928 Geoffrey Keynes edited a 
new edition of the first English text of 1653 
by the Nonesuch Press and, in California, 
Dr. Chauncey D. Leake produced a new 
translation; the latter being re-issued in 1931 
end 1941. In this tercentenary year another 
new translation is to be published by Pro- 
fessor K. J. Franklin for the Royal College 
of Physicians; this may well prove to be the 
definitive version. 


When Sir George Ent persuaded Harvey to 
let him publish the manuscript of his other 
great work, De Generatione Animalium, Ent 
saw it through the press for the author was 
now an old man. The Latin text was first 
published in London in 1651 and in the same 
year was reprinted three times on the Con- 
tinent. Now there was no long delay in 
publishing an English translation for this 
appeared in 1653, the same year that had 
seen the appearance of the English version 
of his De Motu Cordis. There has been much 
discussion as to whether Harvey wrote his 
manuscripts in Latin or in English, a point 
which cannot be accurately decided at this 
juncture. It has been suggested that Dr. 
Martin Llewellyn translated De Generatione 
into English; he certainly supplied a verse to 
Harvey in the edition of 1653. Ent does not 
tell us what language the manuscript was 
written in but it can be inferred from his 
statement in the Epistle Dedicatory that it 
was Latin for he had to assist the compositor 
to decipher Harvey’s abominable writing: 


“. .. in this great Business I have performed 
no more than the meer office of a Midwife: 
producing into the light this noble Issue 
of His Brain, in all its parts and lineaments 
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perfect and consummate, as it is now pre- 
sented to your Veiw (sic); but straying 
long in the Birth & fearing, perhaps, some 
injurious Blast of Envy or Distraction. To 
speak more plainly, I made it my Province 
to oversee and correct the Press; and be- 
cause the Author writes so obscure a Hand 
(A thing so we say, common to learned 
men) as that scarce any man, but who hath 
bin accustomed thereto, can read it without 
difficulty, I used all diligence to provide 
against the Errors of the Compositor that 
might be occasioned thereby . . .” 


Unlike the English edition of De Motu 
ordis the original translation of De Gene- 
tione has not been reprinted. The next 
lition in English was the fresh translation 
y Willis in 1847. 


When the Sydenham Society published 
their edition of Harvey’s works in 1847 it 
\as the first time that all his writings, in- 
ciuding his letters, had appeared in English 
in one volume and there is no doubt that a 
creat debt is owed to the translator, Robert 
Willis. Willis says in his preface that he 
did not like the original English translations: 


“I had unwarily adopted the idea, very 
gratuitously originated by Aubrey, that 
Harvey was what is called an indifferent 
scholar, and that the English versions of 
his writings were the proper originals, the 
Latin versions the translations . . . On pro- 
ceeding to my new duty of English editor, 
however, I immediately saw that the master- 
work of Harvey on the Motions of the 
Heart and Blood, far from having the 
character of an originally English writing, 
must have been rendered into English by 
one but little conversant with the subject, 
that it was both extremely rebutting in 
point of style and full of egregious errors, 
and that nothing short of an entirely new 
translation could do justice to this admir- 
able treatise, or secure for it, at the present 
day, the attention it deserved . . . The work 
on Generation came next under review. 
The English version of this I had heard it 
positively asserted was the original, was 
Harvey’s own; here therefore my business 
of editor would properly begin. But I had 
not gone through a couple of pages of the 
text, before difficulties like those already 
experienced met me again. That the state- 
ment above referred to was erroneous, 
speedily became apparent; and a little 


inquiry enabled me to discover that the 
English version of the Exercises on Gene- 
ration was the work of a physician named 
Llewellen. Though not incorrect generally, 
there was, nevertheless, a great deal that I 
wished had been otherwise rendered; and 
then the scientific and professional language 
of two centuries back looked strangely when 
examined by the eye, and had an unusual 
sound when tried upon the ear.” 


So Willis girded himself up “for the long 
and laborious enterprise of translating anew 
into our mother tongue the work on Gene- 
ration.” Willis’s translations are undoubtedly 
correct but they are stilted and stiff and, in 
a way, as old-fashioned today as those done 
in the seventeenth century. Of the two, the 
1653 translations, with their delightful, robust 
English phraseology are more in keeping with 
their time than the XIXth century copy. 
Willis says that the 1653 translation was “full 
of egregious errors” —so it may have been, 
but it can be read with ease and comfort. 


When Sir Geoffrey Keynes was planning 
an edition of De Motu Cordis for the None- 
such Press in 1928 he re-issued the English 
text of 1653 for, as he says: 


“The vigour of the seventeenth century is 
found there with a sufficient sprinkling of 
expressive, if now unusual, terms to pro- 
duce the feeling that Harvey himself is 
speaking. No such illusion is fostered by 
the dull excellence of the Victorian text, 
which on closer inspection, is even found 
to be not always more accurate than its 
despised predecessor.” 


It is only fitting that the works of one of 
the greatest Englishmen of the seventeenth 
century should be readily available in his 
own language and it is good to note the 
number of issues of these translations for it 
is only in the last eighty years that Harvey’s 
work on the circulation has been available to 
foreign workers in their own languages 
(French, German, Russian and Spanish). 


Bibliographical details of the XVIIth century 
English translations 

l. The / Anatomical / Exercises of / Dr. 
William Harvey / Professor of Physick, / 
And / Physician to the Kings Majesty, / 


Concerning the motion of the Heart / and 
Blood. / With / The Preface of Zachariah 
Wood / Physician of Roterdam. / To 
which is added / Dr. James De Back his 
discourse of the / Heart, Physician in 
ordinary to the / Town of Roterdam. / 
(Rule) 


LONDON, Printed by Francis Leach, / 
for Richard Lowndes at the White Lion 
in St. / Pauls Churchyard, near the 
West end, / 1653. / 


Collation: 1 leaf (blank): Title: 18 leaves: 
pp. 1-111: Subtitle (The Discourses of James 
de Back): 9 leaves: pp. 1-123: Subtitle (Two 
Anatomical Exercitations Concerning the Cir- 
culation of the Blood): pp. 1-86. 


Size: 148 x 93mm. signatures in eights. 


Copy Used: Royal College of Surgeons. (Keynes 
19) 


As Keynes points out the title of this edition 
is a cancel leaf in nearly all copies. The 
original title had a modified imprint and a 
poem to Harvey on the verso. Several copies 
have been seen with both titles and, in these, 
the cancelland has the lower, outer corner 
clipped off, removing the date and part of the 
imprint. For some unknown reason the illus- 
trations were not included in this translation 
although the appropriate references to the 
plates occur in the text. 


. The / Anatomical / Exercises of / Dr. 


William Harvey, / Professor of Physick, 
/ And / Physician to King Charles / the 
First; / Concerning the motion of the 
Heart / and Blood. / With / The Preface 
of Zachariah Wood, / Physician of Roter- 
dam. / To which is added, / Dr. James 
de Back, his Discourse / of the Heart, 
Physician in Ordinary to the / Town of 
Roterdam. / (Rule) 


LONDON, / Printed for Richard Lowndes 
at the White Lion in / Duck Lane, and 
Math. Gilliflower, at the Sun in / West- 
minster — Hall, 1673. / 


Collation: Title: 11 leaves: pp. 1-107: Subtitle 
(The Discourse of James de Back): 9 leaves: 
pp. 1-172. 


The Subtitle for Two Anatomical Exercita- 
tions occurs on leaf Q7 (p.[105]). Again the 
illustrations were not included in this edition. 


THe AUSTRALIAN AND New ZEALAND JOURNAL OF SURGERY 


Size: 166 x 106mm. signatures in eights. 


Copy Used: Royal College of Surgeons. (Keynes 
20) 


Anatomical / Exercitations, / Concerning 
the / Generation / of Living Creatures: 
To which are added Particular Discourse., 
/ of Births, and of Conceptions, &c. / By 
William Harvey, Doctor / of Physick, ani 
Professor of Anatomy, / and Chirurger, 
in the Colledge / of Physitians of Londo». 
/ (Ornament between two rules) 


LONDON, / Printed by James Young, fcr 
Octavian / Pulleyn, and are to be soli 
at his Shop at the / Sign of the Rose 
in St. Pauls Church — / yard. 1653. / 


Collation: 1 leaf (blank): Portrait (by Williain 
Faithorne): Title: 22 leaves. pp. 1-556: 1 le:f 
(errata). 


Pages 552, 553, 556 are misnumbered 56), 
566. 


Size: 168 x 109mm. signatures in eights. 
Copy Used: Author’s collection. (Keynes 43) 


The excellent portrait is frequently missing 
from this book being popular with print 
collectors. 
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ANATOMICAL TECHNIQUES. 
By D. H. TOMPSETT, B.Sc., Ph.D. Edinburgh: E. & S. 
Livingstone Ltd., 1956. 92” x 63”, xv plus 240 
pp.. frontispiece and 83 illustrations. Price: 35s. 
stg. 


Yne of the most fascinating sights in the Ana- 
tc nical Museum of the Royal College of Surgeons 
in Lincoln’s Inn Fields is a magnificent series of 
costs of the bronchial tree, biliary system, heart and 
veatricles of the brain modelled in coloured plastic 
resin. These are the work of the prosector to the 
Cllege, Dr. D. H. Tompsett, who has devoted much 
tine and energy towards the perfection of the neces- 
sery techniques for their preparation. He has now 
ide his knowledge available to others in this book. 
H» gives most detailed information of his techniques 
in casting with Marco Resin 26c, every step being 
discussed with clarity and simplicity. Reading the 
book makes it easy to forget that these processes are 
the result of many years of frustrating experimenta- 
tion but the results now produced deserve the highest 
praise and Dr. Tompsett is to be congratulated on 
his skill. Other techniques discussed in the book 
include the dissection of anatomical specimens, with 
chapters on the coloured injection masses, fixation 
o! tissues, construction of containers and mounting 
of specimens. There is a useful chapter on the 
principles of anatomical illustration and one on the 
staining and mounting of brain sections. 


Miss Jessie Dobson, Curator of the Anatomical 
Museum of the College, contributes an all too short 
but useful historical introduction. 


This is an excellent book which no anatomical 
department can afford to be without; indeed it is 
essential for all biological museum workers. The 
reviewer has watched Dr. Tompsett at work and 
there is no doubt that the painstaking care with 
which he carries out his techniques, -and this is 
clearly shown in his descriptions, is necessary to get 
results. Marco Resin 26c is, at the moment, not 
available in Australia and has to be kept under 
refrigeration, so it may be some time before Aus- 
tralian workers can follow Dr. Tompsett’s methods. 


A TEXTBOOK OF SURGICAL PATHOLOGY. 
By C. F. W. ILLINGWORTH, C.B.E., M.D., Ch.M., 
F.R.C.S.(Edin.), and BRUCE M. DICK, M.B., F.R.C.S. 
Seventh Edition. London: J. & A. Churchill Ltd., 
1956 94" x 6”, vi plus 730 pp., 322 figures. 
Price: 63s. stg. 


When the first edition of Illingworth and Dick 
appeared in 1932 it was well received, for it satisfied 

long felt need for an authoritative textbook on 
surgical pathology. As a measure of its continuing 
success, we now welcome the seventh edition. 


The text has always been closely related to the 
practice of surgery and, to show how completely the 
uthors have abandoned the conception of pathology 
s no more than morbid anatomy — dull and un- 
hanging — we find sections dealing with disorders 
f fluid and electrolytes, hypothermia and tissue 
ransplantation. 


Books Reviewed 


There has been throughout a complete revision of 
the text but, by judicious pruning of the old, space 
has been found for what is new, without any notice- 
able increase in girth. This by itself is surely, in 
these days, just cause for high commendation. 


It is, however, not difficult for a reviewer to find 
faults if he is disposed to but he will rest content 
with two, 


Australian readers might, with some justification, 
ask for some amendation of Dew’s 1928 figure for 
hydatid disease which is recorded at 1 in 300 ad- 
missions to hospital. One wonders if the squamous 
epithelioma illustrated on page 97 was confirmed 
by biopsy. It surely resembles far too closely 
molluscum sebaceum to be allowed as a textbook 
example of skin carcinoma, but then molluscum 
sebaceum does not even get a mention. 


In the preface the authors express the hope that 
the book will “. . . prove of value to senior students 
and to those preparing for senior qualifications . . .” 
We can with confidence promise that not only will 
this hope be realised but that the textbook will enjoy 
an enduring place on the shelf of the senior surgeon 
who has long since set aside the worries of the 
Fellowship.. 


OPERATIVE SURGERY. 
By CHARLES ROBB, M.C., M.Chir., F.R.C.S., and 
RODNEY SMITH, M.S., F.R.C.S. Volumes 1 and 2. 
London: Butterworth & Co. Ltd., 1956. 113” x 84". 
xviii plus 342 pp.; xii plus 543 pp. Illustrations. 
Price: £6 10s. per volume. 


This work, when complete, will consist of eight 
volumes of which the first two have now appeared. 
They deal with technical procedures — details of 
operative technique with statements of indications, 
contra-indications and complications. The work is 
intended to be complementary to “British Surgical 
Practice.” 


The presentation is largely pictorial. Various 
stages of procedures are presented by means of 
drawings (the standard of which is uniformly high) 
and there are appropriate descriptions associated 
with the various illustrations. This provides a very 
clear presentation of the particular features which 
are being emphasized. 


Volume 1 contains an introductory section, a sec- 
tion on surgery of trauma and part of the section of 
abdominal surgery. Volume 2 gives most of the 
remainder of abdominal surgery. 


The introductory section in Volume 1 deals with 
problems of general technique. There are chapters on 
suture materials, the technique of local anaesthesia, 
posture of the patient, needle biopsy and various 
other similar problems. These have been well 


thought out and are very well presented. These will 
be found of particular value to the young surgeon 
but many of them also will be of interest to his 
senior colleague. 


Part II (the surgery of trauma) is divided into 
several sections: general treatment of wounds and 
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the wounds of various parts of the body, such as 
bones and joints, abdomen, genito-urinary tract and 
so on. The details of treatment will be found of 
particular value and there are many useful and 
pertinent pieces of advice in the associated dis- 
cussions. 


Part III contains an introductory section on 
abdominal surgery —the surgery of access and the 
exploration of the abdomen particularly and a section 
on stomach and duodenum. The presentation here 
is excellent and the chapter on gastrostomy, when 
compared with that of older books, is an indication 
of the up-to-date character of the whole work. 


Volume 2 deals with other aspects of abdominal 
surgery —hernia, the appendix, spleen, pancreas, 
liver and intestine. The section on hernia deals 
illuminatingly, amongst other things, with the rarer 
herniae. 


Under the spleen section the procedures for 
anastomoses to deal with portal hypertension are 
well set out. Similarly, operations on the pancreas 
are clearly presented and the various procedures on 
the biliary system and liver and the intestines are 
clearly given. 


The various parts have been written by specialist 
surgeons who have been chosen by the editors or 
associate editors. There is thus some _ inevitable 
variation in presentation and, in many cases, the 
procedures are not what a particular reader might 
himself prefer. This has been appreciated by the 
editors and they remark that as each contributor is 
a recognized expert, his judgment on what is most 
appropriate has been accepted. Thus, almost any 
section may be regarded by some or other person as 
incomplete. In some of the more specialized fields 
this has been intentionally so. 


In general the presentation is excellent. The book 
is produced on art paper and the text is delightfully 
clear. The illustrations are almost innumerable. 


It is important to appreciate that each part has its 
own page numbers. There is an index at the end 
of each volume and it may be noted that eponymous 
terminology has been reduced to a minimum. 


Altogether these volumes can be thoroughly recom- 
mended as a work of reference and should certainiy 
be available for all young surgeons. Readers will 
look forward with interest to the appearance of 
subsequent volumes. 


PYE’S SURGICAL HANDICRAFT. 
Edited by HAMILTON’ BAILEY,  F.R.C.S.(Eng.), 
F.A.C.S., F.R.S.(Ed.). Seventeenth Edition. Bristol, 
England: John Wright & Sons Ltd., 1956. 84” x 5)” 
xiii plus 800 pp., 860 illustrations. Price: 52s. 


The seventeenth edition of “Pye’s Surgical Handi- 
craft” is a comprehensive and well-presented volume, 
aithough perhaps not as “fully revised” as is claimed. 
Pye’s first edition appeared in 1884, and Hamilton 
Bailey has edited the book since the eleventh edition 
in 19. 


The present edition has been prepared by a panel 
of authors, and respect is commanded by such names 
as Denis Browne, Gabriel, Avery Jones, Lockhart 
Mummery, Holmes Sellors and Watson Jones. 


Some reduplication occurs, but conflict of opini 
in these portions is reasonably well avoided. 


Illustrations are copious and helpful; many of 
these are old friends from other manuals. There is 
some unnecessary repetition among the illustratic ns 
—Edward’s vein seeker is pictured no less than f ve 
times. 


There is little to quibble with in the text, | ut 
an abdominal incision for cardiac massage wou!d 
find few supporters; and (in the chapter on 
haemorrhage) manual compression of the aorta at 
a point below the umbilicus must surely cat:e 
disappointment. To Australian readers “Marti ’s 
pump” for direct blood transfusion appears a poor 
substitute for the Julian Smith model. 


The book is apparently intended as a manial 
on minor surgery, ward procedures and clinical 
pathology for senior students and residents, and is 
such is most valuable. 


Certain sections, particularly the discussion on <ir 
embolism, make good reading for all surgeons. 


SUBARACHNOID HAEMORRHAGE. 
By JOHN N. WALTON, M.D., M.R.C.P. Edinburg», 
Scotland: E. & S. Livingstone Ltd., 1956. 82” x 53", 
xv plus 350 pp.. 25 figures, 3 tables. Price: 30s. 


One of the major recent developments in the field 
of neurosurgery has been the attack on abnormalities 
of the cerebral vessels. 


The development of angiography by Moniz in 
1927 was the first organized step, followed later hy 
direct surgical attack on congenital aneurysms and 
arteriovenous abnormalities. At first the mortality 
was high and the protection given to the patient 
after a hazardous operation often inadequate, so that 
many held the opinion that the prognosis was better 
if the patient was left alone. Gradually more com- 
plete knowledge was obtained by angiography, opera- 
tive technique improved, and finally, with the use 
of controlled hypotension and hypothermia many of 
the hazards of operation were removed or at least 
reduced. But many contentious issues still remain; 
individual opinion is made up on relatively smal! 
groups of cases and the indications for operation are 
still undecided. Furthermore, the procedure to be 
adopted in each particular type of abnormality and 
the time at which operation is best carried out are 
still subjects for controversy which has been warmly 
contested in recent months. 


Dr. Walton, in his monograph on “Subarachnoid 
Haemorrhage,” develops all the variations of th's 
theme before coming to conclusions which are 
directly pertinent to the management of the two 
major causes of subarachnoid haemorrhage -- 
aneurysms and angiomata. The text is built up oa 
the findings of published works of many authors and 
upon the analysis of some 300 cases who presente | 
with subarachnoid haemorrhage. Unfortunately, 24 
large proportion of these cases was observed before 
angiography became a routine procedure and the 
information provided is inadequate. At times the ir- 
clusion of many other diverse causes of subarachnoi | 
haemorrhage tends to divert attention from the mai. 
theme of the discussion. 
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Ia the first portion of the book, the subject is 
de: 't with very much in the manner in which the 
ph:sician is confronted with the general problem. 
An excellent analysis of the clinical manifestations 
is The discussion on the necessary investiga- 


is iven. 
tio s which follow is naturally centered around 
an; iography. A careful survey of available figures 


ap ears; although there are some widely differing 
sta istics it is apparent that angiography will reveal 
the cause of haemorrhage in about 75 per cent. of 
cas 


he prognosis following the appearance of 
su! arachnoid haemorrhage is naturally one of the 
me or factors influencing the decision of the surgeon. 
Th author shows that over a large series of collected 
cass, the over-all mortality is 44.9 per cent. The 
fig re includes those who died of recurrent bleeding, 
an it is this problem which is so controversial, for 
op ration during the initial catastrophe is hazardous 
an. difficult, and as yet there is little evidence to 
shiw that surgery in this phase offers a better out- 
loos. It is assessed that 20 per cent. of patients who 
su: vive the initial bleed are likely to die of recurrent 
bleeding, and that half of these will do so during 
the first six months. It is upon this group that 
dis-ussion continues after pathological and clinical 
cor elations have been dealt with, and the final pages 
of ‘he book deal with conclusions regarding manage- 
me it. 


‘Throughout the discussion on the whole subject 
it is apparent that much reliance is made upon 
staiistics which are subject to many influences such 
as the type of material selected, the policy adopted 
and the surgical skill applied. For the individual 
there will be many cases whose assessment against 
a background of such statistical experience is un- 
satisfactory. It is for this reason that most neuro- 
surgical clinics will set up their own criteria for 
operation, based on assessment of the individual 
factors presenting, and will gradually modify these 
procedures on the basis of their own experience. 


The book remains as a valuable commentary on 
the subject because of its broad approach which, as 
it proceeds, gradually narrows down to fundamental 
issues. The balanced appraisal of the experience of 
many workers in this field is excellent, and is com- 
pleted with a good index and excellent bibliography. 


PRINCIPLES OF CHEST X-RAY DIAGNOSIS. 


By GEORGE SIMON, M.D., F.F.R London: Butter- 
worth & Co. Ltd., 1956. 113” x 8}, 174 pp., 162 
illustrations. Price: £3 13s. 6d. 


George Simon, the author of this valuable work, 
wil! be known to many Australians who have taken 
post-graduate work in London, for he is the Curator 
of the Radiological Museum at the Institute of 
Diseases of the Chest, as well as being Assistant 
Director of the Brompton X-ray Department. So 
soundly, so clearly, so comprehensively does Simon 
state the principles of chest X-ray diagnosis that 
his wide popularity as a London teacher will be 
qu ckly recognized by all who read the 174 pages 
of this volume. 


‘o this important subject is adopted an approach 
no usually employed by radiological authors. Simon 
arranges his wide material under headings descriptive 
of the X-ray shadows rather than the clinical disease 
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labels; each type of shadow being in turn described 
factually and then discussed from the point of view 
of interpretation or of misinterpretation. 


Simon fairly enough claims that this approach will 
give the maximum and most practical asistance in 
the radiodiagnosis of chest pathology. 


The author generously acknowledges his indebted- 
ness to those pathologists who have spent much time 
and trouble in correlating the abnormal X-ray 
shadows with the morbid anatomy and histological 
features of the lesion; included in these colleagues 
is Dr. Lynne M. Reid—a Melbourne graduate — 
who while at Brompton worked on bronchiectasis, 
chronic bronchitis, emphysema, bullae, and certain 
cases of mitral stenosis in which the “line shadows” 
are seen above the costophrenic sulcus. 


All kinds of abnormalities are studied and this 
work also gives sound instruction in X-ray technique 
including tomography and bronchography. 


From his extensive experience Simon believes 
that X-ray reports are often confusing because of 
a lack of precise meaning of the terms so frequently 
employed, and so portion of his introduction is 
wisely devoted to a definition of terms. A certain 
type of clinician affects to disregard radiological 
reports, but if viewed only from the angle of 
medical records, they are really of great importance, 
and too frequently it is not appreciated how much 
time and thought is given by the conscientious and 
knowledgeable radiologist to the writing of a report, 
which while endeavouring to give a clinical colleague. 
the maximum of assistance must not be unduly 
lengthy and certainly must be kept within the 
bounds of intellectual honesty — radiological, patho- 
logical, and clinical. 


A very sound chapter is given to the time factor 
in X-ray diagnosis and comparison of radiographs 
at different dates. In this section is described the 
radiological appearances after some surgical pro- 
cedures. 


Illustrating the text of 174 pages are 162 beauti- 
fully reproduced illustrations clearly depicting a 
wide range of chest pathology, as would be expected 
with its Brompton background. 


This volume thoroughly maintains the high 
standard of modern British X-ray literature, with a 
format beyond cavil, and reflecting great credit both 
on its author and on its publisher. 


The work —a feature of which is the compre- 
hensive index —can be warmly commended to all 
interested in diseases of the chest. 


A COMPANION IN SURGICAL STUDIES, 


By IAN AIRD, Ch.M., F.R.C.S. Second Edition. 
Edinburgh, Scotland: E. & S. Livingstone Ltd., 1957. 
10” x 6”, ix plus 1,302 pp. Price: 84s. Stg. 


Eight years have elapsed since the appearance of 
the first edition of Professor Aird’s “Companion in 
Surgical Studies” and in keeping with the rapid 
advances made in surgery over this period it has 
been found necessary to enlarge the volume by over 
200 pages and the assistance of the staff of the 
Department of Surgery and of a consulting Editorial 
Committee has been sought to cover certain special- 
ties. 
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In the preface it is stated that one-third of the 
text is new or has been re-written, some thousands 
of references have been added — 2,000 of them to 
papers which have appeared since 1950 — and a very 
large number of smaller subjects, or those of recent 
description, have been covered. 


The hope expressed in the review of the first 
edition is repeated here — that the reader would not 
omit the introductory chapter, “to some extent an 
apologia,” in which the pros and cons of multiple as 
opposed to single authorship are discussed. It is 
wisely pointed out that surgery is learnt by appren- 
ticeship and not from text-books—one of the reasons 
advanced for the practical exclusion of diagrams 
from the text. The author expressly states, more- 
over, that the title of the book has been chosen “to 
avoid any suggestion that it is a manual or text- 
book designed to teach the reader how to conduct 
a surgical practice or to perform operations.” 


A certain inconsistency is evidenced here for many 
operations are described in quite considerable detail, 
e.g., the operation of splenectomy. Others again, 
although described rather fully, omit essential detail. 
In some, of which, it is assumed, the author has not 
had personal experience, frank inaccuracies appear. 
But so vast is the field covered in this remarkable 
volume, so widely has the author flung his net, that 
some unfamiliarities of this sort would appear to be 
inevitable, and for this reason the reviewer, conscious 
of his own limitations, has chiefly directed his own 
attention to those subjects in which he has _par- 
ticularly interested himself. The reference to the 
Hamilton Russell operation of excision of stricture 
of the urethra is correctly given as that published in 
1926. The description, however, is of the earlier and 
more difficult operation published some eleven years 
earlier. In neither procedure is there any suggestion 
of the excision being confined to the urethra alone. 
It is a segmental excision of the whole corpus 
spongiosum, the only structure capable of retaining 
sutures. Errors which might lead to unfortunate 
results occur in the description given of the opera- 
tive treatment of hydatid of the liver. An_in- 
adequate account is given of the Harris method of 
prostatectomy, omitting the first essential detail of 
the break-through site in the mucosa. The descrip- 
tion of the clinical features and treatment of acute 
pancreatitis is not wholly satisfying and the separa- 
tion of “hard dry eschars” of pancreatic slough must 
surely be a rare phenomenon. The statement that 
morbidity is increased by, and risk of subsequent 
stricture attends negative exploration of the common 
bile duct will surprise many surgeons. 


It is noted that the author continues to give pride 
of place, in his account of the treatment of acute 
appendicitis, to the Ochsner-Sherren regime. With 
its failure and in dealing with an unresolved abscess 
an extra-peritoneal approach is advocated, even 
though the abscess be pelvic. A warning is given, 
surely an unnecessary one, against “obstinate, rou- 
tine, ruthless appendicectomy.” Mention is made of 
the very valuable manoeuvre of retrograde appen- 
dicectomy but the indications for its employment are 
not clearly set out. 

Despite these criticisms this book is one which no 


surgeon, least of all no surgeon who is concerned 
with teaching, should be without. The task of com- 


pilation has been a Herculean one and as a source 
of reference alone it is quite invaluable. It is to be 
hoped that in the future editions which the amazing 
industry of the author will without doubt produce 
certain errors will be corrected. 


AN OUTLINE OF THE CYTOLOGY AND PATHOLOGY 
OF THE RETICULAR TISSUE. 
By A. H. E. MARSHALL, with a Chapter on L'>i- 
doses by J. B. Cavanagh. Edinburgh, Scotla: d: 
Oliver & Boyd Ltd., 1956. 10” x 6”, 274 pp., 116 
illustrations. Price: 42s. Stg. 


It is not altogether surprising that there is sill 
much difference of opinion regarding the patholc sy 
of the reticulo-endothelial system. Its compon at 
tissues are scattered, and its functions diverse. Te 
cells show a great variety of appearances, yet in 
many cases they are readily interchangeable, ad 
merely functional variants rather than fixed typ:s. 
This makes classification difficult, but on the ot! er 
hand offers opportunity for interpreting morp)o- 
logical differences in terms of functional and «n- 
vironmental changes. 


Unfortunately, when examining a histological s:c- 
tion, it is often impossible to decide the functional 
activity associated with a particular morphological 
form, except under experimental conditions. 


Thus, the introduction by the author of a silver 
impregnation technique, which appears to be both 
selective and sensitive for phagocytic cells in histo- 
logical section, should prove to be an important 
advance in the interpretation of pathological pro- 
cesses affecting the reticulo-endothelial system, 


The present monograph begins with a useful re- 
view of the normal anatomy, cytology and functions 
of the “reticular tissue.” This subject has been 
rendered unnecessarily obscure by conflicting termi- 
nology, and the present author has not altogether 
succeeded in presenting his information clearly. 


In the second section the hyperplasias are dis- 
cussed. This forms a useful summary of the cyto- 
logical features of those proliferations due to known 
physical, chemical and organismal agents. The re- 
actions to antigens, and the tissue changes in some 
sensitization processes are included. 


The third part of the book deals with all the 
remaining reticulo-endothelial proliferations under 
the heading of “Neoplasia.” The true malignancies 
are separated, leaving the controversial assortment 
of conditions of unknown aetiology and widely differ- 
ing behaviour and prognosis. He groups these as 
“benign tumours” —a term always indicative of 
heterogeneity, and which adds little to our under- 
standing of their nature. 


A valuable chapter on the lipoidoses, contributed 
. B. Cavanagh, Research Fellow in Neuro- 
pathology, Guy’s Hospital, completes the book. 


As the title indicates, the chief purpose of te 
monograph is to summarize the histology and 
cytology of reticulo-endothelial tissues in pat! o- 
logical processes. It is not a general review of tie 
reticulo-endothelioses, and clinical aspects are rot 
considered. In spite of occasional obscurity, la:k 
of continuity and inconclusiveness, a great deal of 
up-to-date factual information is presented on a wi le 
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veriety of conditions, and the book should .be a 
u:eful work of reference to those interested in the 
histopathology of the lymph node. 


NERAL UROLOGY. 
By DONALD R, SMITH. California, U.S.A.: Langi 
Medical Publications, 1957. 10° x 7”, 328 pp., 
various figures. Price: $4.50. 


This book is an excellent hand-book of urology. 
covers a very wide range and is extremely con- 
ely written, with short, dogmatic sections covering 
urological subjects. 


[wo particularly good features are the attention 
lich has been paid to minor uropathies such as 
ronic prostatitis in the male, impotence, nervous 
quency in the female, etc. The section on the 
1-urogenic bladder is particularly good, and sum- 
narizes extremely well the present views on the 
eatment thereof. 


This would be an excellent volume to have in- 
uded in any hospital library for the use of house 
surgeons and senior house surgeons. It would be 
an extremely useful volume for any candidate for 
a senior surgical degree or diploma. The illustra- 
tions are extremely well done, both reproductions of 
radiograms, drawings and diagrams, 


NEW ZEALAND MEDICAL SERVICES IN THE MIDDLE 
EAST AND ITALY. 
By Colonel T. D. M. STOUT, C.B.E., D.S.O., F.R.C.S., 
F.R.A.C.S. Second volume. Wellington, New Zealand: 
Government Printer, Wellington, for War History 
Branch, New Zealand, 1957. 10” x 6”, 721 pp., 
64 figures and many maps. 


This is the second volume of the official medical 
history of New Zealand in the Second World War. 
It is concerned largely with professional problems 
and problems of medical administration as they 
affected the New Zealand Medical Corps in the 
campaigns in the Middle East and in Italy. The 
important surgical and medical experience is re- 
corded in the clinical volume which preceded it. 


The author, Colonel T. D. M. Stout, C.B.E., D.S.O., 
F.R.C.S., is eminently suited to write of these prob- 
lems as he served throughout this war as Consultant 
Surgeon 2 N.Z.E.F. and so gained his knowiedge at 
first hand. He has also had the help of other mem- 
hers of the Corps who have been able to supply both 
information and critical comment. Thus, the result 
is a volume which maintains the high standard of 
other volumes of our war history. 


Brief general outlines of the military campaigns 
are given, so as to link with these, the movements 
and work of the Medical Corps. The build up of 
the medical arrangements in Egypt are shown and 
then followed by a review of the functioning of the 
ledical Services under the widely differing circum- 
stances of the campaigns in Greece, Crete, Western 
esert and Italy. The problems of equipment, hold- 
1g capacity of units, and difficulties of evacuation 

1 regard to terrain are emphasized, and the neces- 
ity to carry out much definitive surgery of battle 
asualties at a forward level in Main Dressing 
‘tations in the Western Desert contrasted with the 
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better road facilities of Italy where consequently the 
C.C.S. became the principle centre for forward sur- 
gery. 

As each campaign is covered there follows a 
valuable review covering many important aspects 
such as siting of medical units, transport facilities 
and treatment of battle casualties as carried out. 
Finally the lessons learned from the campaign are 
detailed. 


The book contains sixty-four fine illustrations to- 
gether with many maps and diagrams. The appendix 
shows amongst other things the average daily sick- 
ness rates, casualties and deaths from disease and 
is a handy reference. 


It is a book which will commend itself highly to 
all those who are interested in the functioning of 
the Army Medical Services in war and particularly 
to those who served with the 2 N.Z.E.F. in these 
campaigns. 

Finally there is a glossary which is of benefit for 
the lay reader. 


ANATOMIE DES MENSCHEN. 
By A. WALDEYER. Third Edition. Berlin: Walter 
de Gruyter & Co., 1956. 10” x 7”, xv plus 369 
pp., 271 figures. Price: DM38. 


This volume, under a well-known German name, 
is typical of pre-war anatomical text-books. Printed 
on art paper and arranged in sections, it reminds 
one of Spaltehalz Atlas of Anatomy of fomer days. 
The illustrations are profuse, some in black and 
white and others in colour. A special feature is 
the histological diagrams to be found alongside the 
description of the various organs. The section on 
the spinal cord is beautifully illustrated. 


Incorporated in the general descriptive anatomy is 
also some surgical anatomy which is also quite use- 
ful, e.g. some types of inguinal herniae are well 
illustrated. Window dissections of the abdominal 
wall in inguinal and femoral areas are beautifully 
depicted. 


A useful small chapter is devoted to proportions 
of body, and different racial characteristics — artists 
would find this of some value. 


The book is so profusely illustrated and of such 
handy size that it could be recommended as a com- 
panion to the surgeon and practitioner. As this is 
only the first part, it is hoped that the second part 
which is to follow is up to the same standard. 


Printed in German, it would not interest so many 
Australian medical men but the illustrations are so 
good that it can be recommended for them alone. It 
may have no place as a text-book in our medical 
schools in English speaking countries but could still 
find a place in a surgeon’s library for occasional 
reference. 

Anatomical abnormalities are not adequately dealt 
with and an attempt has been made to link physio- 
logical and anatomical teaching together as has been 
the custom in German text-books in the past but it 
meets with only limited success. 

It can be regarded as a compressed text-book of 
microscopic anatomy, histology and a little physiology 
and only suffers from limitations which are imposed 
on such a work, 
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ESSENTIALS OF MODERN SURGERY. 
Edited by R. M. HANDFIELD-JONES and Sir ARTHUR 
PORRITT. Fifth Edition. Edinburgh, Scotland: 
E. & S. Livingstone Ltd., 1957. 10” x 6”, xv plus 
1,276 pp., 649 figures. Price: 75s. Stg. 


“Essentials of Modern Surgery,” edited by R. M. 
Handfield-Jones and Sir Arthur E. Porritt, Fifth 
Edition, 1957, has been revised extensively and 
brought up to date and a new section on radio- 
therapy added. Precision and factual statement are 
the outstanding qualities and will continue to make 
this text-book of inestimable value to students. The 
quality of production is superb. Students in the 
final years of their course should be credited with 
appreciation of statements on advanced physiology 
and pathology and perhaps the co-operation of 
experts in these fields might raise further the already 
otherwise high standard of this book. 


OUTLINE OF FRACTURES, INCLUDING JOINT INJURIES. 
By JOHN CRAWFORD ADAMS, M.D.(Lond.), F.R.C.S. 
(Eng.). Edinburgh, Scotland: E. & S. Livingstone 
Ltd., 1957. 84" x 54", 248 p.p., 218 illustrations. 
Price: 27s. 6d. Stg. 


Yet another book about fractures! Why was it 
written? What place can it fill? The preface 
makes it quite clear that it is intended tor the 
medica! student, the general practitioner and the 
physiotherapist. As such it is a good book — a very 
good book. 


It deals particularly with principles — yet in its 
pages are to be found adequate descriptions of 
acknowledged methods of treating all of the com- 
mon, and quite a few of the rarer fractures. The 
illustrations are. on the whole, both clear and 
adequate and it is good to find among them an 
excellent assortment of sketches and diagrams. 
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These are usually more illuminating than reprodu:- 
tions of X-rays and far more to the taste of the 
expected readers. 


One excellent feature of the book is a summary 
at the end of the chapter dealing with fractures 
of both the upper and lower extremities — wit. 
reference in each case to the page in the text. It ‘s 
a very useful form of index. 


The purist will find little with which to find faul . 
In fact Mr. Crawford Adams is to be congratulate | 
on his approach to the subject —it can well }> 
described as modern orthodoxy. Excluded from th ; 
designation however is the suggestion that non-unio i 
within 3” of the !ower end of the ulna does net 
really matter —the lower fragment is apparent! 
expendable! In our hands disruption of the syn - 
physis pubis has never been successfully held bh» 
means of any form of cast or spica. We prefer t» 
use no immobilization other than that offorded by 
the triceps aponeurosis with the elbow flexed a; 
much as is safe in the management of supracondylar 
fractures of the humerus in children. In our hand: 
redisplacement of the fracture is rare — certainly 
more so than when a plaster cast is used. We join 
issue with the author in his definitions of delaye: 
and non-union, even though they are correct in every 
detail! Too correct in fact — most patients prefer « 
decision to be made before six months have elapsed. 
In general unless our fractures have started to unite 
within three months, they never do. 


It would no doubt be possible after an even close: 
survey to find a few more points of personal dis- 
agreement, but they are, for that reason, of no con- 
sequence. As already stated this is a very good 
book to be confidently and highly recommended to 
students of all ages. 
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CATGUT 
SILK 

LINEN THREAD 
SILKWORM GUT 


ETHICON 


EVYELESS NEEDLE SUTURES: 


@ securely swaged and 


for always ready for use. 


@GASTRO-INTESTINAL @ for minimal tissue trauma. 


®ARTERIAL AND @ available in all shapes 
currently in common use. 


CARDIO-VASCULAR 
@ packed sterile in 
® OPHTHALMIC hermetically sealed tubes. 
®PLASTIC SURGERY @ guaranteed for tensile 
strength and consistent 
gauging. 


ETHICON SUTURE DIVISION OF 
OHNSON & JOHNSON PTY. LTD., SYDNEY 
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The Skilful Hands 
of the Surgeon... 


..... warrant the very best of surgical instruments — 
scientifically-designed, precision-made instruments such 
as those which have been given a hallmark of quality by 
being supplied by 


Warson VicToR 


LIMITE wD 


HEAD OFFICE: SYDNEY — 9 Bligh Street. ‘Phone: BW 4433. 


MELBOURNE ADELAIDE NEWCASTLE BRISBANE: 
‘Phone: JA 4116, ‘Phone: W 2246 ‘Phone: B 1054 Phone: B 1616, B 6265 


PERTH HOBART LAUNCESTON 
‘Phone: BA 9131 ‘Phone: B 6310 “Phone: B 2536 
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When Resisfance fo Other Antibiotics Develops. . . 


CHLOROMYCETIN 


(Chloramphenicol, Parke-Davis) 
Current reports ‘'- 2) describe the increasing incidence of 
resistance among many pathogenic strains of micro-organisms 
| to some of the antibiotics commonly in use. Because this 


phenomenon is often less marked following administration of 
| Chloromycetin (Chloramphenicol, Parke-Davis), this notably 


I y | effective, broad spectrum antibiotic is frequently effective 
A Hh where other antibiotics fail. 
ail COLIFORM BACILLI — 100 Strains. 


Up to 43% resistant to other antibiotics; 
2% resistant to Chloromycetin!. 


STAPHYLOCOCCUS AUREUS — 500 Strains. 
| Up to 73% resistant to other antibiotics; 
2.4% resistant to Chloromycetin?. 


Chloromycetin is available in the following package forms, 
which are available on Social Security as per terms of the 
fourth schedule of the drug tariff 1953 Amendment No. 6. 


| Chloromycetin Kapseals. 
Chloromycetin Palmitate, 60 c.c. bottles. 
Chloromycetin Ampoules. 
Chloromycetin Ear Drops, 6 c.c. 
Chloromycetin Eye Ointment, 4 ounce tubes. 
| REFERENCES: (1) KIRBY, W. M. M.; WADDINGTON, W. S., and DOORNINK, G. M.: Antibiotics Annual, 1953-1954. 


New York, Medical Encyclopaedia, Inc., 1953, p. 285. 
(2) FINLAND, M., and HAIGHT, T. H.: Arch. Int. Med. 91:143, 1953. 


PARKE, DAVIS ED): & COMPANY, LTD. 


(inc. U.S.A.) 


SYDNEY 


I, 
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The EK. M. O. 
; INHALER and 
OXFORD INFLATING BELLOWS 
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WATER FILLER 


The “E.M.O.” Inhaler has been developed by the Nuffield Department of Anaesthetics, 
Oxford, to succeed the well-known Oxford Vaporizer — now discontinued. Numerous 
improvements are incorporated, based on the experience gained with the Oxford Vaporizer 
and with several prototypes of the “’E.M.O.”’ during the past 15 years. 


The following special features are of particular interest :— 
1. No hot water is required for its operation. 


2. An accurate automatic temperature control unit maintains a constant vapour concentration 
independent of changes in ambient temperature. 


3. Medical gases can be piped into the Inhaler without altering the indicated vapour 
concentration. 


4. Spring-loaded bellows and breathing valves are contained in a separate unit known as 
the “‘Oxford Inflating Bellows.” 


OBTAINABLE THROUGHOUT AUSTRALIA FROM THE SURGICAL 
INSTRUMENTS DEPARTMENTS OF ALL D.H.A. HOUSES 
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H. K. LEWIS & Co. Ltd. 


1 New (10th) Edition. With 1,411 illustrations (271 coloured). 92” x 68”. £4 4s. net. 
A SHORT PRACTICE OF SURGERY 


By HAMILTON BAILEY, F.R.C.S., F.1.C.S., Emeritus Surgeon, Royal Northern Hospital, and 
R. J. McNEILL LOVE, M.S. (Lond.), F.R.C.S., F.1.C.S., Surgeon, Royal Northern Hospital; 
With Chapters by JOHN CHARNLEY, F.R.C.S.(Eng. » orthopaedic Surgeon, Manchester Royal Infirma Lecturer in 
Orthopaedic Surgery, University of ‘Manchester, etc.; WILLIAM P. CLE ND, M.R.C.P.(Lond.), F.R.C.S S(ENQ.), Surgeon, 
Brompton Chest Hospital, Thoracic Surgeon, King’s College Hospital and Postgraduate Medical ‘School, Rony etc., and 
GEOFFREY KNIGHT, F.R.C.S.(Eng.), Senior Surgeon, West End Hospital for Neurology and Neuro-Surgery, etc. 


With 540 Illustrations in 444 Figures. New (2nd) Edition in 2 Volumes. 92” x 64”. £8 Os. Od. net. 
THE MANAGEMENT OF ABDOMINAL OPERATIONS 
Edited by RODNEY MAINGOT, F.R.C.S., with contributions by 31 Contributors. 
Third Edition. With over 400 new Illustrations. 10” x 68”. £8 10s. Od. net. 
ABDOMINAL OPERATIONS 


By RODNEY MAINGOT, F.R.C.S.(Eng.), Surgeon to the Royal Free Hospital, London, and the Southend General Hospital. 
With contributions by 24 British and American Authorities. 


With 367 Illustrations (some Coloured. 93” x 64". £5 10s. Od. net. 
DISEASES OF THE THROAT, NOSE AND EAR 


Edited by F. W. WATKYN-THOMAS, F.R.C.S.(Eng.), Consulting Surgeon, University College Hospital, London, etc., with 
the assistance of 10 Contributors. 


With 50 Illustrations. 8" x 53”. £1 5s. Od. net. 
ESSENTIALS OF NEUROSURGERY 


By L. C. OLIVER, F.R.C.S., Neurosurgeon, West End pet for Nervous Diseases, and the Royal Northern Hospital, 
ondon, etc. 


The above are the published prices in Great Britain. 


London: H. K. LEWIS & Co. Ltd., 136 Gower Street, W.C.1 


Telegrams: “Publicavit, Westcent, London.” 


. made, of course, on 


KODAK 


ULTRA-SPEED 


KODAK (AUSTRALASIA) PTY. LTD. 


Branches in all States 
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— An Outstanding 
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4 X-RAY FILM i 
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BITONE 


provides the average 
daily requirement of 


VITAMIN B COMPLEX 


(aneurine hcl., riboflavine, 
nicotinamide and pyridoxine) 


Distinctively-coloured 
tablets containing 


aneurine hcl. - - 1 mg. 
riboflavine - - 0.9 mg. 
nicotinamide - - 10 mg. 
pyridoxine hel. 0.125 mg. 
caffeine - - - 1 gr. 
calc. gluconate - 5 gr. 
ferrous sulphate 13 gr. 
phenobarbitone 4+ gr. 


and 


MINERALS 


(iron and calcium) 


PLUS 


MILD STIMULATION 


(caffeine) 


Suggested adult dose: 
One tablet thrice daily. 


and 


SEDATION 


(phenobarbitone) 


Bottles of 100. 


DISTRIBUTED THROUGHOUT AUSTRALIA 
BY ALL D.H.A. HOUSES 
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SAPODERM 


This is a new soap for use in surgical scrubbing-up — whether of the 
surgeon’s hands or of the operative field, or for the general control of 
skin infection in home, school or office. It is a first-class soap, containing 
hexachlorophene as the antiseptic substance, lightly perfumed to neutralize 
the faintly disagreeable odour of soap itself or of the antiseptic. 


Hexachlorophene (otherwise known as G.11) is a complex organic 
EX compound recently introduced for the sterilization of skin. Sapoderm 
~ contains 2% of hexachlorophene. The phenol coefficient (S. aureus, 
U.S. Food and Drug Administration method, at 37° C.) is 125. Traub? 
) reported that the compound was bacteriostatic and bactericidal to 
S. aureus, Strep, viridans and various gram-positive cocci. 


Hexachlorophene appears to be non-irritating to the skin and to have no 
sensitizing effect. 


In Theatre and Surgery 


Clark? conducted tests with two groups of subjects. Both wore surgical 
IN gloves containing nutrient broth for one hour after a scrub-up. The one 
group scrubbed with a hexachlorophene soap, the other with plain soap. 
A count of the skin bacteria was made at the beginning of glove-wearing 
and again an hour later. The former group showed a decrease of 50%, 
the latter an increase of 100%. Dull* similarly showed that with a hexa- 
chlorophene liquid soap a three-minute scrub was as effective as ten 
minutes with plain soap, even when the check counts were made after 


two hours. 
References: 
en scec= 1Traub, E. F., Newhall, C. A., Fuller, J. R., Surg., Gynec. & Obst., 1944, LXXIX, 205. 


Clark, D. G. C., Lockwood, J. S., and Lewitt, E., Surgery, 1947, XXII, 360. 
8Dull, J. A., Tintel, H. A., Ellis, J. L., and Nicholls, A., Surg., Gynec. & Obst., 1950, LX, 


Available in cakes of 5 oz. 


Distributed throughout Australia by 


ALL D . H. A e HOUSES 
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The case of the 
exacting surgeon 


A famous surgeon asked Gillette to produce surgical 
blades with edges equal to those of the razor blades. Now 
the sharpest edge in the world is available to make surgery 
easier, safer, and more accurate. 

Gillette Surgical Blades and Handles are precision-made 
for each other. Not only does this ensure absolute rigidity 
in use, it makes the fixing and release of a blade the work 
of a moment. 


Available from leading distributors of surgical requisites. 
Blades — 10 for 7/6 
(carton 100 blades — 67/6) 


Handles — 6/6 each 
(carton 10 handles — 65/-) 


Gillette Safety Razor Company of Australia Pty. Ltd. 
287-301 Victoria Road, Rydalmere (Head Office) — 596 Bourke Street, Melbourne 
18 Roma Street, Brisbane — 32a Grote Street, Adelaide — 193 William Street, Perth 


“ Sew “Of course it’s the wisest thing to do” 
7 Place YOUR INSURANCE 


WITH THE 


BRITISH MEDICAL INSURANCE Co. 


Your car, your home, furniture and personal belongings 
can all be insured with the British Medical Insurance 
Co. of Victoria Ltd. This is the doctors’ own company 
and operates under the aegis of the B.M.A. 

Its policies are most liberal, providing benefits in excess 
of those usually offered. 

The company’s profits are used for many valuable 
works in which the B.M.A. is interested, and helps to 
support the Library of the Medical Society of Victoria. 
Low Premiums : Prompt Settlement : All classes of 


HURLEY, Wii cus general insurance business transacted (except Life), in- 
ng, cluding Fire — Burglary — Motor Risks —- Workers’ — 
NORRIS, 0.5.0., Personal Accident and Sickness — Marine, etc. 
Dr. +P by . S. JOHNSTON, C.B.E., D.S.O., This company is an agent for a leading Life Assurance 
_C._H. DICKSON Company, and our Representative will gladly attend 
H. G. FURNELL, C.B.E., D.S.O. to any enquiries. 


THE BRITISH MEDICAL INSURANCE Co. of Victoria Ltd. 


389-395 Little Flinders Street, Melbourne :: Phones: MB 2751, MB 3806, MB 1871 
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AND aspirin 


66 
Aspirin is a serious gastric irritant, particularly in peptic ulcer patients.” 


“Calcium aspirin... can be used with impunity, especially if prescribed in 
29 
soluble form. 


British Medical Journal, 2nd July, 1955. 


D S a provides soluble calcium aspirin in pure and 


stable form. 


Cc Oo D i S is a compound tablet that provides codeine 
and phenacetin, and soluble calcium aspirin 
which replaces the ordinary aspirin in tab. 
codein co. B.P. 


RECKITT & COLMAN (AUSTRALIA) LTD. (PHARMACEUTICAL DIVISION), SYDNEY 
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‘Gantrisin’ 


THE ROCHE SULPHONAMIDE 


SOLUBILITY 


*GANTRISIN* 


TRIPLE SULPHONAMIDE 


8 
= 


‘Gantrisin’ has comparatively high solubility 
As shown in the above graph ‘Gantrisin’ is highly soluble in urine at 
physiological pH values. Effective blood concentrations can, therefore, be 
maintained without fear of crystallization in the urinary tract and con- 
sequent renal complications. Except in very high dosage there is no 
necessity to administer alkalis or to force fluids. 


PACKINGS syrup EYE DROPS OINTMENT 
(2g. in Sc.c.) (0.5g. in each (4 per cent (4 per cen 
in packings of dn packings of Sea] tn beetles solution) in in tubes 
100 c.c. bottles of 5g. 
cc. 0 c.c. with 
dropper 


ROCHE PRODUCTS LIMITED - 15 MANCHESTER SQUARE - LONDON W.1 - ENGLAND 


Agents in Australia: F. H. Faulding & Co. Led., 98 Castlereagh St., Redfern Park, Sydney, and at Adelaide, Melbourne, 
Brisbane and Perth 


Agents in New Zealand : The Dental & Medical Supply Led., 128 Wakefield St., Auckland, Christchurch and Dunedin 
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High plaster content 

“The very high plas- 
tercontent of Gypsona 
bandages —90% of 
bandage weight 
means that resultant 
casts are light, yet 


Fast setting properties 

The superfine quality of 

plaster of Paris used in 

Gypsona bandages gives 


like finish to casts. 

The special interlocked 
wovenclothof Gypsona 
bandages permits easy 
moulding round con- 
tours and ensures that 
there are no frayed 
edges. 


TRADE MARK 


PLASTER OF PARIS BANDAGES 


Gon) 


Gypsona 


MANUFACTURED BY 
SMITH AND NEPHEW LTD. WELWYN GARDEN CITY ® HERTS ® ENGLAND 


Illustrated and descriptive literature may be obtained from Smith & Nephew (Aust.) Pty. Ltd., 
Sydney, or the distribiitors D.H.A. and all Surgical Houses throughout Australia. 
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Meb:cAL 


Anticoagulant 


Therapy 


suitable cases is now firmly established. PULARIN 
To avoid or to treat the dangers of cessation of . 
flow of blood by thrombus or embolus 1,000 i.u. ml. 5 mi.r.c.b. 
formation, PULARIN (Heparin-Evans) and 5,000 i.u. ml. 5 mi.r.c.b. 
DINDEVAN (Phenylindanedione-Evans ) 25,000 i.u. ml. 5 mi.r.c.b. 
are unexcelled. For emergency use PULARIN 
is administered intravenously, and continuation DINDEVAN 
of anticoagulant therapy ensured by subsequent 
administration of intramuscular Pularin or 
oral administration of Dindevan. 


(em USE OF ANTICOAGULANT THERAPY in 


Containers of 25 and 100 


Further information on request to Medical Information 
Department, 214 Graham Street, Port Melbourne 


EVANS MEDICAL AUSTRALIA (PTY.) LTD., SYDNEY & MELBOURNE 
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Printed and -Published for the ‘Editorial 
Committee of The Royal Australasian, College 


of Surgeons by 
THE BUSINESS MANAGERS, 

A. H. MASSINA &. CO. 
Printers and Publishers, 
121-131 Cardigan Street, Carlton; 
Victoria 
(Telephone FJ 2177) 


to. whom all communications “ih to 
advertising space and subscriptions. should be 
addressed, 
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PREMIUMS UP TO £300 PER ANNUM ARE NOW AN ALLOWABLE DEDUCTION FOR INCOME TAX PURPOSE 


PRINCIPAL OFFICES 
IN AUSTRALIA 


MELBOURNE: 
395 Collins Street - - » MU9375 


SYDNEY: 
350 George Street - - - - BL 127) 


BRISBANE: 
293 Queen Street + - FAIT711 


ADELAIDE: 
9) King William Street - - LA 2091 


PERTH: 
81 St. George’s Terrace - - BF 1341 


HOBART: 
119 Macquarie Street - C508) 


OVER 80 YEARS OF 


_If not convenient to phone, 
call or write to your nearest 
National Mutual Office—TO-DAY! 


LIFE ASSOCIATION OF AUSTRALASTA LIMETER 
(Incorporated in 


ASSURANCE 


MUTUAL 


A, H, Massina & Co, Pty. Ltd., 121-131 Cardigan Street, Carlton, N.3, Victoria. 
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